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PREFACE    TO     THIRD     EDITION. 


In  the  y»r  IS03,  1  wna  bouuured  by  the  late  Mi.  Unrburil,  » 
iDvilatioQ  to  join  him  in  the  revision  of  his  Gloasary,  with  a  \ 

the  pablicbtion  of  the  jiresent  edition. 

Before,  howuver.  working  in  couoert,  we  hud  etiecleil  mucb 
pFogTCM,  Mr.  Horbord  wiui  compelled  by  the  devel(i|)menl  of  tha 
mahiitf  tliitl  wu  <1qbIijii;iI  to  cut  short  ull  too  soon  a  very  uieFul  uid 
hoaaurable  caruer,  tii  •leaiit  (I'oiu  liie  Inboura,  anil  It  was  left  to  my- 
iolf  to  finish  the  work  uloue. 

In   this   tAsk   1   have  been  greatly  assisteil  by  the  copious  niul 
viUiuble  notes  which  Mr.   Harbotil  left  behiod,  amuiged  with   all 
Uat  Bumiiuluui  attentiOD  toorderand  method  whiob  had  dinbingiiisbed  J 
him   throughout  his   life.      Whib   then  it  would  bo  prcaumptuoiis  f 
to  tw|H>  ta  hare  removed  all  trrues  of  the  lack  of  the  author's  peraonol  I 
anpervisiun,  the  low  of  it  will  perliapn  he  lesH  notiuuablc  thai 
edlvrwiso  htve  bAon  the  cam. 

Mjmy  new  wtii^lw  have  lienn  added,  stid  some  of  the  i 
re-«ttttuD,  and  no  effort  has  been  Bpnred  to  bring  the  book  tlioroiighly 
Bp  f>  date.  It  ii  anticipulod  therefore  with  aoiuedegrcu  of  coulidence 
Uwt  tlie  book  will  retain  the  high  position  in  tlic  ostimiitiun  of  the 
tuotiatl  world,  which  it  first  won  (oiitjolf  nearly  thirty  fiveyei 

Should  this  eicpectatioQ   be  reaUzed,   the   thiol   edition  of  th»^ 
Otmry    will   terve  a  double  purpose,  in  that,    white  coutinuiu| 
to  protnote  a  sonnd  hnowlsdge  ol  the  principles  of  the  sciences  ol 
wbleU  it  treata,  it  may  at  the  same  tinjo  serve  as  a  memorial  of  th*  I 
faulaatry,   laarnlng  and  abiljty  of  the  author,  who   lias  but  latelyj 

jMSnl  bom  our  midst. 


ftrMDwich,  Marih,  1807. 


H.  B.  Q. 


PREFACE    TO    THE    SECOXD    EDITION. 


7T»  Seounil  pJilion  of  thi»  Iitt!>  book  w 
jooiig  officers  of  tlie  Royal  Nki?  ;  vii, 
va*  lo  help  Lliem.  in  whikt  I  knew  by  e 
aoat  troablesome  part  of  their  studies 


drawn  np  exprowly  for  the 
then  Bt&ted  that  my  abject 
>8ri«nce  they  considered  the 
ly  prefao 


kUows ; — "  The  ailthor  would  give  this  help  by  teacbing  then 
ngkrd  icleDlific  and  terlinio&l  temta  not  sa  necessary  evils,  but  hb 
Tcry  lueful  aemuite,  by  the  rational  tue  of  nhich  a  de^niteneis  uf 
«Mu«|rli(>ii  may  be  acquired  nut  otherwise  attaiiialile.  It  is  ilIbo  hi* 
hope  in  some  imall  measure  to  aid  in  baniehinga  pres'ailing  looseueu 
*>(  (iknuMilugy,  anil  in  bringint;  about  it  i^onBistency  of  u«nge  in 
■Mtiotl  temiB,"  III  tliia  objri:l  I  mas  greatly  aeniBted  by  my  <.'ol1ego 
biend,  tlio  late  Mr.  Hugh  Cudfray,  who  expreaaed  bis  opinion  thus : — 
"  Notbiiig  bUuiiIb  more  in  the  way  of  a  student's  real  progress  tiian 
looM  notiona  in  the  early  stages  of  th«  subject  lie  is  attacking, 
dthough  suoh  loose  notions  are  often  the  natuinl  re«u!t  of  1oob« 
vwiling  oil  the  part  o(  the  aiitjior." 

Tbis  (ccoad  and  enlarged  edition  is  intended  for  more  eitended 
wtolalton,  ami  it  is  boped  that  it  will  be  found  usefnl  not  only  to 
lbs  alBt«n  ot  Ibe  Royal  Navy,  but  to  those  aspiring  to  or  actually  in 
mwiBsiid  of  vesaobi  in  our  Mercantile  Marine,  and  to  those  eulightened 
Hd  «iitcrpriibg  gentlemen  wboae  love  for  the  sea  has  covered  it  with 
Taekt  Siiuadrona.  To  all  I  would  re]ieat  the  above  counsel  ;  and 
flwlii«r,  I  would  add  some  words  of  Admiral  Shadwcll,  which  emlwdy 
At  true  method  of  studying  Navigation.  He  writea  : — "  I  am  glad  I 
k  M*  tiwi  you  deal  liberally  in  diagrams,  and  give  the  niatben 

arnldiug  long  and   (odious  verbal  precepts.      I  am  fully  J 
iliat  our  ofllcers   will  never  be  properly  instructed  in  J 
lAatronomy  uulil  they  make  up  their  TiiiiK\8  to  (Vi^mI  itt^ 
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rul«j8,  and  to  grapple  with  the  formulae  themBelves  on  which  they 
depend."  Dr.  WooUey  remarks  : — "  Further,  I  believe  it  is  most 
important  that  the  memory,  always  very  liable  to  fail,  should  have 
very  little  to  do.  A  person  whose  business  it  is  to  apply  rules  of 
navigation  should,  at  all  times,  not  only  work  from  formulae,  but  be 
•able  for  himself  to  reproduce  these  formulae,  or  equivalents,  from  first 
principles,  and  in  very  short  time." 

Under  each  term,  besides  what  is  necessary  to  explain  it  fully  in 
ita  di£ferent  bearings,  will  be  found  an  analysis  of  what  is  to  be  learned 
•on  the  subject  by  systematic  reading.  In  the  arrangement  of  the 
articles  the  strictly  alphabetical  order  has  sometimes  been  departed 
from,  as  regards  the  subdivisions  of  a  general  head,  and  what  appears 
in  each  case  to  be  the  natural  order  has  been  adopted. 

In  this  task  of  classifying  and  arranging,  I  was  led  to  feel  the  want 
of  appropriate  terms  for  the  two  great  branches  of  the  science  of 
Navigation.  This  word  Navigation  has  been  dethroned  from  its 
rightful  position,  though  no  usurper  has  taken  its  place.  It  has  simply 
been  degraded  by  modern  writers  to  fill  a  very  subordinate  r6le.  I 
have  attempted  to  restore  the  term  to  the  meaning  it  had  a  century 
■ago,  when  the  most  scientific  book  on  the  subject  in  the  English 
language  was  written,  and  I  have  uniformly,  therefore,  used 
"  Navigation  "  as  the  generic  word,  and  the  two  great  subdivisions  I 
have  named  geo-navigation  and  celo-navigation.  Geography,  meteor- 
ology, astronomy  should  all  be  equally  regarded  as  ancillary  sciences. 
Arithmetic,  geometry,  and  trigonometry,  serving  as  the  essential 
basis  of  the  whole,  always  formed  the  introductory  chapters  of  the 
old  treatises  on  Navigation. 

There  is  another  word,  introduced  in  my  first  edition,  which,  strange 
^<^  Bay,  was  not  previously  found  in  any  English  book  on  Navigation, 


via,  "  <;o-iiriliDa[e6."  This  nppenra  lo  have  hightened  some,  wlio 
wuit  no  aw  terms  to  descnbe  what  they  have  themaelvea  thoroughly 
mMteretl  withimt  them.  But  its  very  general  adoption  in  all  scliools 
Inr  young  officers,  and  iu  many  hiooke  since  pulilialied,  is  a  c(iinplet« 
Tlwlicatiuii  of  the  asiistance  this  one  term  hoa  given  to  scieuUfia 
■billy  Wsed  im  Rystenmtic  arrangement. 

I  tuiTe  n.'tniii«il  l)je  derivntionii  oF  tbe  lenuB  in  the  present  edition. 
Tboaa  wbo  conaider  this  superfluous  i.'ou  posa  them  over  i  but  I  look 
upon  them  u  vnloable  for  Mveral  reaaoiin  :  they  aometlnies  explain  a 
nrd  without  the  neceanity  at  any  loiigdetcription;  they  make  it  euy 
t«  ruiienilMr  the  term  ;  bnd  they  frequently  eiubody  ita  liiitory  iu  a 
TiminiT  both  inl«re>Ung  and  iustructiTe. 

Th«  Uat  point  brings  me  to  Btole  why  aorue  obsolete  words  have 
Uen  inM-rlsl,  each  as  "aitrolabe,"  "cross-stafT."  A  eufficient  reason 
n^t  b«  found  in  the  fact  that  these  words  anm 
«AeM'*  reading;,  and  that  ordinary  dictionariea  do  not  afford  sufficient 
Mf  a*  to  their  metwing.  But  there  is  another  value  attJiched 
tlwn.  A  sDilor's  life  may  dopriv«  bini  of  the  refiued 
Hrvi^UuD  which  modern  ajlvnucenieiit  lias  pUceil  at  his  diipoBul, 
bt  nwy  fini]  liimielf  thrown  Iwcb  upon  bis  oivn  resourcen,  perhaps  to 
mmgtle  •  boot  without  even  conipass  or  sextant.  In  such 
■anofli  bo  would  tind  it  iuvaluabk  tu  know  sometliing  of  tile  rud« 
•ntrivaaece  uf  early  navigators. 

Some  topics  urn  treated  of  at  grenter  leugth  Ibnii  roij 
MBMary.and  mayaevintaeugrosstnoi't' thaoltieir  shm*e  of 
tU*  hu  been  Avne  odviwdly.    There  are  some  points  on  which  veiy 
b«H  Ueaa  are  ctnumon  and  aoine  space  is  nscessol'y  ilb,  in  such 

la  i«  ol  any  use,   must  be  full.     The  tetins  "celestial 
Uf*"  aud  '•  borJHiu  "  are  iUustraliona  ;  md  Bp«cmlMUnl\<)a\\u 


Bufficient 
means  of       ^h 
rhapH  to     ^^H 
tile  rud«  '^^M 

appear  ^^H 

>oin  1  bub  ^H 

very  ^^^M 

ch  cases,  ^^M 
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to  be  paid  to  words  which  have  several  different  meanings,  such  as, 
for  example,  "distance."    Again,  very  contradictory  information  is 
given  by  different  authorities  on  some  points,  as,  for  instance,  the 
meaning  and  length  of  the  "mile."    Once  more,  information  stowed 
away  in  old  magazines  and  pamphlets,  and  not  generally  found  in  the 
usual  text-books,  is  given  at  length  ;  and  this  must  be  the  excuse  for 
the    full    treatment,    for    example,    of  "  Chronometer  Diagrams." 
Finally,  a  new  method  which,  up  to  the  present  moment,  can  only 
be  read  in  the  brochure  of  its  author,  is  given  at  large :  I  refer  to 
Airy's  new  method  of  clearing  the  "  lunar  distance. "    One  topic  of 
vital  importance  has  been  enlarged  upon  for  many  reasons,   viz. 
"  Magnetism  and  Compass  Deviation."    In  dealing  with  this  the  chief 
guide  has  been  found  in  the  memory  of  Airy*s  lectures  at  South. 
Kensington  and  his  syllabus.     For  important  and  the  latest  informa- 
tion on  this  subject  I  am  greatly  indebted   to  Staff-Commander 
Ettrick  W.  Creak,  R.N. 

I  have  to  return  my  best  thanks  to  Captain  Sir  Frederick  J.  O. 
Evans,  the  Hydrographer,  for  assistance,  and  to  acknowledge  \he 
valuable  suggestions  I  have  received  from  Dr.  J.  Woolle}-,  the  Rev. 
F.  Daries,  R.N.,  Mr.  H.  B.  Goodwin,  R.N.,  Staff-Commander  T.  A. 
Hull,  R.N.,  and  Mr.  A.  Escott.  To  Mr.  Escott  and  Mr.  G.  C. 
Pulsford  I  am  grateful  for  the  trouble  they  have  taken  to  ensure  the 
accuracy  of  the  work. 

In  conclusion,  I  beg  to  introduce  my  book  as  a  confidential  and 
■ilent  friend,  that  will  remove  your  difficulties  without  exposing  your 
ignorance. 


J.  B.  HARBORD. 


NORTH  CIRCUMPOLAR  STAR  DISC. 


Oircumpolar  Star  Discs. 

Tiies«  represent  upproxinntoU-  llie  jmsitions  of  the  at 
from  the  pote>  at  anj  hour  of  a  given  day,  iu  aiiy  Ion 
obeerver  ia  suppowil  to  be  in  latitude  4S°. 

Tlie  outer  fiit-d  rim  of  tlie  lUsc  represent*  the  hours  of  the  day  a 
the  inaor  movable  rim  ia  gradiuited  for  right  uceneionB. 

Face  taWftrda  the  elevated  pole  ;  aiid  hold  the  proper  discover 
fa«kd.  Ml  u  to  view  it  oa  you  would  luuk  al  ths  heaveDa. 
Ta  Kt  the  Bite. 

Take  out  of  tiia  "  Nautical  Alinnnac  "  the  Sidereal  Time,  which  li 
tk»  aime  u  tho  right  nicaiuion  of  the  nienn  lun  at  mean  noon  at 
Qnanwidi.  Tliio  any  be  uhtaiuod  with  BufHcieat  accuracy,  without 
TChrrinj  to  the  "Nautical  Alnuuii:,"  from  the  following  tabto,  which 
^•nm  tlu  islii^iiioinical  daya  wheu  ilie  eidereal  time  ia  »o  nuwy 
«HBpMa  lunin  :— 


«  A|Hil  I 


•  July    |ijt««u.. 


1  Jsnuan 


5  !>«(. 


t 

TItal — oouitider  ZX  or  Z3  to  reprcHent  Uie  meridiaii 
Phea  Mljacmt  to  Z,  by  turning  the  diBo,  the  numher  iiidicuttngth*  J 
^4M«al  tliuo  jait  found.     Then  the  disc  will  repment  the  position 
(ht  famvenr,  at  Greeawiuh  meauDoou,  toanobserrerou  theitiendiui  | 
a(  GnenwicL,  in  latitude  45°, 

Seccaidly  -Adil  Die  tiino  at  placi;  lo  the  aidereal  time  and  turn  fl 
Uw  dlw:  till  tlie  uuinl«r,  so  obtaiiml,  on  the  inner  rim  comesadjuenfi  J 
la  Zt  The  ilitx;  will  now  rapreaent  the  required  position  ol 
nt  the  tjmp,  Zy  or  ZS  buing  the  meridian  of  the  place. 

^  tbe  aid  at  thw«  discs  may  also  be  found  the  time  when  anyj 

r  witkln  tbe  region,  will  pass  Che  nioHdiaii  above  tlte\lotUML«!l 


KQUINOCTIAL  STAR  CHARTS. 


Bquinoctial  Star  Ohart. 

At  lu-ticle  Lunar  Distanftto  will  be  found  a  chart  whld 
the  two  circumpolar  discs,  completes  the  view  of  the  heave 
embraces  that  part  of  the  heavens  which  extends  from  the  equi 
to  45*"  N.,  and  to  45*  S.  declination,  thus  comprehending  a  zone 

In  using  this  chart,  it  should  be  held  above  the  head  so  tl 
central  horizontal  line  corresponds  with  the  equinoctial. 


)^ 


K) 
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AliArratlnn    llu  aberratio.   "  a  going  out  of  the  wav  "\. — ^The 


ERRATA. 


Pkge  450 1 3,  for  "  Utitudes  "  read  « altitudes." 

Pkge  452  1 13,  for  "  5'  W  W.,"  read  "  5*  18*  W." 

Page  478 1 5  from  bottom,  for  «  as  "  read  «  cos." 

F^e  479  1 9  from  bottom,  for  *<  log  b  "  read  « log  c" 

Page  482  1 9,  In  denominator  of  fraction  for  " oos  4  fa-b) "  read 
"oosi(a  +  6)." 

Pkige483/8,  for  *'oosi(A+B)"  read  oot)(A+B). 

Page  484  no  from  bottom,  for  "  ^--a^'read''  v'-a'" 

/3,         „        ..      for  "6"  read  "6'" 


fft 


ft 


P^  485  ;  3,  4,  for   ••  -^  »»  read  "  4" 
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1 


AbarratlOD  (L.  ali-TraUo,  "a  going  cut  of  tbe  wb;"]. — The 
ilutorhuioe  in  the  nppsreut  direction  of  an  object  caused  by  ths 
■mnliiDfttiou  a(  its  motion  with  tliat  of  the  ipectatar.     The  followiog 


-If  a   shot   fired   fro 
and  l^isB  o 


~^^ 


ilhiatnitiun  ti    given   l>y  Airy  ;- 
peuctntc  the  side  of  a  ship  in 

e.  it  will  do  to  somewhat 
•ImJI.  Hud  tfaua  it  will  appear  to 
have  been  fireit  from  more  ahead 
Ufa  it  vui  in  reality.  Let  OA 
wd  A8  Teprenenl,  in  direction 
itu)  t«tc.  the  motioDB  rcBprp- 
lively  of  theohjectand  spectator 

Thai,    in    uonsequence   uf  the  r—j 

Biioljofi   AS  of    the    spectator,  ""  "|    I     ^ 

thai  of  the    object  «ill  appear  A 

him   to  be   in  the  direction 
BA  ioaUad  of  OA-.iuid  the  angle  BAO  uieiuiir< 
apfiareut  change  in  tiie  rale  BA  —  OA  might 
Aoooleration.       The    quajititiea    in  vol  veil     a: 
relations ;— 

AS       ^     sjnBAO  A 

^  '     OA  Bin  BAS  '  *  '    B. 

Aberration  in  Astronomy.— The  pviiict;>1e  explamed  ahor^l 
wai  ap|itiflil  by  Aatronoii.er  Royal  Bradley,  in 


I  tbeabeiTiitioo.     The* 
:«  properly  culled  the 
1    connected    by  the 


Apparent  motion  of  the  fixed  itAra  which  could  not  be  sadgned  to  soy 
known  c&nse.  He  ascribed  it  to  tlie  progreuive  motion  of  light 
combined  with  the  eacth'a  uiaual  motiou  in  its  orbit.  Light  is 
propagatcil  with  a  velocity  of  19*^,000  tniles  per  second,  the  earth 
moving  in  ita  orbit  during  that  interval  about  19milea  ;  and  the  ratio 
1  to  10,000  produces  very  appreciable  reBulto.  la  conaeqiionce  of 
thd  combiuatioQ  of  these  two  things,  the  light  by  which  n  celestial 
object  is  seen  has  its  direction  apparently  changed.  This  is  s)-oketi 
of  OS  the  jUierralitm  of  Light,  and  it  caoses  the  apparent  positions  of 
objvuts  on  the  celestial  concave  to  be  disturbed.  The  general  result 
is  that  all  the  stars  seem  to  be  displaced  from  their  mean  poeitioni, 
towftrdi  that  pokutof  the  heavens  to  which  the  ilirectjonof  th«  earth's 
motion  tends  at  any  moment ;  and  thus  each  sl&r  will  apparently 
describe,  during  the  year,  a  small  eUipso  iu  the  heavens,  having  for 
its  centre  the  point  in  which  it  would  be  seen  if  the  eartli  were  at 
rest.  The  corrr:ctio«  to  be  ipplied  b>  the  apparent  placeof  a  celestial 
body,  consequent  npon  the  aberration  of  light,  is  technically  called 
the  Ahtrration,  The  sine  of  the  aberratiou  is  proportional  to  th» 
sine  of  the  angle  made  by  the  earth's  motion  in  apace  with  the  visual 
niy,  which  angle  has  been  called  "The  Eartb's  way."  Ulie  aberra- 
tion being  small,  the  circular  meaaure  may  be  written  tor  the  sine, 
ftnd  we  have  :>^ 

velocity  of  Earth 

velocity  of  Light 
=  i  .  sin  (Earth's  way). 
where  i  is  the  Cotffitietit  iff  Ahcrration  and  is  constant  for  all  bodies 
seen  un  the  celestial  concave.  In  the  case  of  the  moon  and  planets, 
which  have  a  proper  motion  of  their  own,  the  light  by  which  the 
body  is  Been  cornea  from  a  point  in  space  which  the  body  no  longer 
vocupies  when  the  rays  reftcU  the  observer  on  the  earth.     The  result 


Aberration  = 


a  (Earth's  way) 


■B  genenillf  combined  with  ab«rratioD  properly  ao  called,  bat 
Btriclly  diitingiiiihed  as  the  Erfuation  0/ Light,  hting  the  aWovtaat' 
to  be  Blade  for  the  time  occupied  by  the  light  in  traveraiog  a  vtiruiblo 
space.  Tbe  valne  of  it  has  been  determined  from  obscrvatioiie  made 
st  Greenwich  Obeervatory  to  be  20"-307-  The  Corrett'oii /or  Abrrra- 
(ion  is  important  in  reducing  the  elements,  given  in  the  Nautical 
Allcanac.  npon  which  the  navigator  depends  ;  but  ila  amount  is  too 
■mall  to  be  taken  directly  into  account,  in  correcting  thaobaerviitiDna 
he  hunaelf  makes  at  aea. 

Aberration  in  Meteorology.— We  propose  thattlie 
"•beiration  "  be  adopted  in  Meteorology,  in  a  sense  analogoaa 
vhicb  it  «o  conveniently  beam  to  Aatrononiy.  The  commoneab 
iDoitrHtion,  naed  to  explain  the  aberration  of  light,  is  derived  from 
tin  {^enomcnon  of  dropa  of  r»in,  which  falling  vertically  on  a  perioii 
Kt  real,  apipear  to  meet  him  and  come  down  quicker  if  he  nuu 
forward.  But  the  bent  vlndieation  of  this  u<e  of  the  term  ia  foond  in 
Ul«  hialory  of  the  discovery  of  aatronomicul  aberration.  Dr.  Bradley 
obterved  a  moti<ai  of  the  6ied  itars,  which  he  could  not  account  for 
by  at)]'  recogniicd  cauaei.  Annual  parallax,  the  nutation  of  the 
earth*!  aiia,  refraction,  an  alteration  in  the  plombtine  by  which  the 
otserring  inatmtnent  was  rectified,  were  all  inadequate.  "Atlaat, 
when  he  deepaired  of  being  able  lo  account  for  tbe  phenomena  which 
hm  had  otiaerved,  a  aatiafactory  explanation  of  it  occurred  to  him  all 
at  once,  when  he  was  not  in  aearch  of  it.|'  He  accompanied  a  pleaanre 
p*tty  in  a  *ail  npon  the  river  Thames.  The  boat  in  which  they  were 
«aj  provided  with  a  moat,  which  had  a  vauc  at  the  top  of 
blew  •  moderate  wind,  and  the  party  sailed  up  and  down  th 
(or  •  conaiderabU  time.  Dr.  Bradley  remarked,  that  every  time  ths 
tnl  pnl  about,  the  vnne  at  the  top  of  the  boat's  mimV  eVvlViA  *\\W 
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as  if  there  had  been  a  slight  change  in  the  direction  of  the  wind.  He 
observed  this  three  or  four  times,  without  speaking;  at  last  he 
mentioned  it  to  the  sailors,  and  expressed  his  surprise  that  the  wind 
should  shift  so  regularly  every  time  they  put  about.  The  sailors 
told  him  that  the  wind  had  not  shifted,  but  that  the  apparent  change 
was  owing  to  the  change  in  the  direction  of  the  boat,  and  assured  him 
that  the  same  thing  invariably  happened  in  all  cases.  This  accidental 
obser^^ation  led  him  to  conclude,  that  the  phenomenon,  which  had 
puzzled  him  so  much,  was  owing  to  the  combined  motion  of  light  and 
of  the  earth.  Since  light  does  not  move  instantaneously  from  one 
place  to  another,  it  is  clear  that  a  8Y>ectator,  standing  on  the  earth's 
surfttce,  will  not  see  a  star  by  means  of  the  same  ray  of  light,  if  the 
earth  be  moving,  that  he  would  do  if  the  earth  were  standing  stilL 
•  .  •  •  Hence  the  star  will  not  appear  in  its  true  place,  but  will  be 
seen  in  the  diagonal  of  the  parallelogram,  whose  two  sides  are  the 
velocity  of  light  and  its  direction  from  the  star,  and  the  velocity  and 
direction  of  the  earth  in  its  orbit."  (HUtm'y  of  the  RoycU  Society^ 
Thomas  Thomson,  1812,  p,  346).— See  Wind,  Aberration  of. 

Aberration  in  Optics. — There  is  another  and  a  different 
technical  use  of  the  term  aberration,  also  important  to  those  whose 
calling  necessitates  the  use  of  optical  instruments.  In  optics,  it 
signifies  the  deviation  of  the  rays  of  light  from  the  true  focus  of  a 
curved  lens  or  speculum,  the  result  being  a  somewhat  confused  image 
of  the  object. 

Acceleration  (L.  aeceleraUo,  "  a  hastening  "). — An  increase  in 
the  rate  of  motion,  such  motion  in  Astronomy  being  that  of  revolu- 
tion.  Acceleration  is  the  opposite  of  RttardaUon.  The  rate  may  be 
viewed  with  reference  to  (I.)  the  motion  of  the  one  body  under 
consideration,  or  (II.)  to  the  motion  of  this  body  relatively  to  that 
of  others. 


(I.)     Wheo  one  body  only  U  regarded,  the  acceleration  uid  retard^ 

.on  of  it*  motion  are  referred  to  its  mei>a  rate.  Thiu  ( 1 )  th 
■when  moving  from  the  ApbelioD  of  their  otbita  have  their  motion 
>coeIerat«il.  and  nbcn  moving  from  the  perifaeliun  of  their  orbits  luva 
it  tetuil«d  ;  the  isle  thus  oacilUting  about  the  mean  value  '■  this  is 
^nken  of  a>  the  Amlrration  and  RtlaTdation  o/lhe  Plantls.  Bat  (2) 
the  ncMl  motion  of  a  revolntion  or  period  may  itself  go  Ihrongh  a 
cycle  of  change,  this  auceleration  and  retardatiou  being  completed 
after  a  long  lapse  of  time,  centuries  or  even  thouaanda  of  yean.  It 
is  hmaedislinguislied  as  BeciiUr(L(fcufiim"  a  generation"  "on  age.") 
Snch  is  the  presenl  increase  and  future  decrease  of  the  mean  angular 
^ocity  of  the  moon  Dlwut  the  earth,  a  change  spoken  of  as  tha-a 
AMMfor  Atfrlrration  and  Brtardalion  o/lhe  Moon, 

(IL )  The  daily  apparent  revolution  of  the  stars  may  be  referred  tC 
that  of  th«  auu.     In  conaeqoence  of  the  sou  travelling  in  the  ecUpUafl 
from  W.  to  B. ,  while  the  apparent  rotation  of  the  beavena  is  from  S 
to  W.,  thestais  apjietu-  tohaveagreaterdiurnalmotion  than  the) 
This  is  ipoken  of  as  the  Acctleration  ofHu  Fixed  Stars.     The  tern 
retardation  would  bo  here  applied  to  the  other  body,  and  we  m 
apeak  of  the  Httardalha  nfthe  Sun  with  rofereuce  to  tbe  stars. 

Acceleration  of  Sidereal  on  Uean  Solar  Time.— 
diauge    of    tlie    i 


ft  mean  solar  day,  in 
eoaanquDnceofwhioh.in  <' 
UlB  interval  of  his  coin- 
ing Bdcoeuively  to  the 
nsridian,  day  by  day 
Um  first  point  of  Aries  appears    to  have   linslencil  lotviiTdi  u 
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dininal  revolution  ;  hence  the  name.  To  explain  this,  let  MPV  (fig. 
1)  be  the  sidereal  time,  when  the  mean  sun  is  on  the  meridian  of 

Greenwich  on  a  particular  day.     When  the  mean  sun  comes  again  to 

• 

the  meridian  after  a  mean  solar  day,  he  will  have  moved  in  right 
ascension  to  the  east  through  MM'  say  (fig.  2).  The  sidereal  time 
corresponding  to  this  second  mean  noon  will  be  MTV  instead  of 
MPV ;  the  first  point  of  Aries  thus  appearing  to  have  hastened 
forward  in  its  diurnal  revolution,  and  the  sidereal  time  to  be 
"accelerated  "  with  reference  to  mean  solar  time.  The  angle  MTM, 
which  is  the  acceleration,  is  a  portion  of  sidereal  time.  The  amoont 
of  acceleration,  for  any  given  interval  of  mean  solar  time,  will  enable 
us  to  deduce  the  sidereal  time.  In  the  Nautical  Almanac,  pp.  478, 
479,  is  given  a  "Table  for  Converting  Intervals  of  Mean  Solar  Time 
into  Equivalent  Intervals  of  Sidereal  Time."  Similar  tables  are  also 
given  in  treatises  on  navigation. — See  Retardation  of  Msau 

Solar  on  Sidereal  Time. 

Achemar. — The  Arabic  name  for  the  bright  star  a  BridanL — 
See  Eridanus. 

Adjustments  of  Instruments.— All  nautical  instruments 

are  liable  to  get  out  of  order ;  their  several  parts  not  retaining  their 
relative  positions,  owing  to  unequal  expansion,  violence,  or  like  causes. 
To  guard  against  resulting  errors,  before  observing,  there  are  methocU 
of  testing  whether  the  instrument  is  in  order  in  the  several  points 
subject  to  be  affected  ;  and  the  instrument  is  provided  with  means  of 
(uljustment,  chiefly  in  the  form  of  screws  or  sliding  weights,  by  which 
it  may  be  restored  to  its  correct  state.  Adjusting  screws  and  weights 
ought  not  to  be  touched  more  than  is  absolutely  necessary,  and  then 
with  great  care.  When  two  such  screws  work  oppositely  to  each 
oeher,  one  must  not  be  tightened  without  the  other  being  previously 


Sometiioes  iiisl«ad  of  nuklDg  the  adjiutmout,  Ihs  e: 
nuj  be  ocknowUdged  and  allcmed  for  in  observing.  The  i. 
"MljiutinentA "  ia  often  loosely  applied  both  to  all  sourcei 
incorreDtneaB,  and  the  means  of  obviuting  their  affeoti,  ia  ut 
nutmineDta.  Tlieae  are,  howevor,  properly  of  three  diitinct  kin 
(1)  Imprrfrctioim  in  the  inatniment,  which  Bhoulil  cauBe  iU  rejection  ; 
12)  Aditttmenli  for  p&rts  of  the  instrument  Liable  to  temporary 
derangement,  but  which  can  be  restored  to  order  by  the  machinery 
aiUwhed  :  (3)  Ehrorn  of  the  instrument,  which  are  acknowledged! 
detcrniined  by  experiment,  and  allowed  for.  It  would  be  well  if  the 
Mm  "adjuitments"  were  always  strictly  limited  to  the  second  of 

AdJuBtments  of  the  Azimuth  Oompass.— 'Ilie  adjuit- 
meBt*  (if  the  aiimuth  compass  are  commonly  said  to  Iw  the 
following:  (1}  the  "magnetic  axis"  should  ouincido  with  the 
UmgitadinAl  tine  of  the  needle ;  (2)  1'he  pivot  should  be  in  the  centre 
of  the  graduated  circumference  of  the  card;  (3)  The  "line  of  sight" 
ahonld  pasa  directly  over  the  pivot ;  (4J  Theeye-vaneandobject-vano 
^onld  each  be  vertical ;  and  (S)  The  needle,  with  card,  ihould  ' 
opon  its  pivot  borixontally.  But  of  these  (I)  isproperly  treated 
«»Ti>r  of  the  inatniment  and  allowed  for  accordingly ;  and  (2)  (3) 
■V*  tmperfeotioaa :  (5)  only  coining  strictly  under  the  head  of 


Adjoatments  of  the  Sextant.— The  adjustments  of 
«eituit  or* : — (1)  The  "iodei-glnas  "  should  bo  perpendicular  to 
plane  of  the  arc;  (3)  The  "  horizoo-glasa"  should  be  perpendicular 
t»  111*  plans  of  the  arc;  (3)  The  "line  of  collimation  "  of  tha 
|A|^Hp«  abould  be  parallel  to  the  plane  of  the  arc  ;  and  (4)  For 
^^Hft  abject*,   when  the  zero  of  Che  vernier  coincldeB  ^\iti  IVn  vd 


I 
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of  the  arc,  the  horizon-ghiss  and  the  index-ghiss  should  be  paralleL 
The  last  is  generally,  in  practice,  treated  as  an  trror, — See  Sextant* 

Imperfections,  Adjustments,  Brrors. 

Afi^  of  the  Moon. — The  "age  of  the  moon"  is  reckoned  fron 
new  moon,  through  a  lunation  or  lunar  month,  the  mean  length  •f 
which  is  about  29^  days.  It  is  given  in  the  Nautical  Almanac,  p.  iv.,. 
for  every  mean  noon  at  Greenwich, 

Age  of  the  Tide. — The  interval  between  the  transit  of  th» 
moon,  at  which  a  tide  originates,  and  the  appearance  of  the  tice- 
itself.     Called  also  Retard  of  the  Tide. — See  under  Tide. 

Alamak. — The  Arabic  name  for  the  bright  stAr  y  Andromeda, — 

Andromeda. 

Aldebaran  (Arabic,  *•  The  Buirs  Eye  ")  —The  \a,rge  and  bright 
star,  situated  in  the  eye  of  the  constellation  Taurus  (  **  The  Bull  "), 
in  modern  catalogues  known  as  a  Tauri,  but  still  generally  called  by^ 
its  Arabic  name,  Aldebaran.  It  is  a  very  important  star  to  tlie  naviga- 
tor, being  one  of  those  whose  **  lunar  distances  "  are  calculated  and 
tabulated  in  the  Nautical  Almanac.  It  is  also  easily  found.  The- 
two  remarkable  groups,  the  Pleiades  and  Hyades,  at  once  point  out 
Taurus,  and  Aldel)aran  is  among  the  small  stars  of  the  latter, 
conspicuous  by  its  ruddy  colour.  It  is  at  about  the  same  distance 
from  Orion's  Belt  on  the  one  side  that  Sirius  is  on  the  other,  and  a  line 
drawn  from  the  Pole  Star  a  little  to  the  westward  of  Capella  will  pass, 
through  no  great  star  till  it  comes  to  Aldebaran.  Mag  1.0.  1896, 
IJ.  A.  4h  30m,  Dec.  +  16"  18'.— See  Taurus. 

Alg^ebraiC  Si£^S. — The  algebraic  signs  can  be  conveniently 

applied   to  qualify  astronomical  and  geographical  elements  which  are 

Mvckoned  in  opposite  directions  from  their  origin.     This  enables  us  to 


nect  them,  in  fomtnlie,   with  other  qiuuititiei,   without  making 
•  cose*  a(  the  problem.     In  the  Table  "Mean  rinces  of  Stan," 
en  in  the  Nnutical  Almun&c,  pp.  206-300,  north  deoliiiationa 
&re  marked-^,  and  eouUi  deoUnatioiu  are  mDTked^.* 

Algenlb.— The  Arabic  c&me  for  the  bright  atar  >  Pepiwi.—l 

Pegasus. 

AlgoL—The   Arabic   name  for  the  bright  star  j9  Pfr»ti 
known  lu  (3  Jlriivam.     It  a  rEmarUable  u  being  a  "variable"  star, 
changing   [rom  the   second   or  third   magnitude  to  th«  fifth  in  th« 
period  of  Sd  20»  50">.— ^ee  Pereeus. 

All0th'~The    Arabic    noine    (or    the    bright   atar    Caprtla,  a. 

AvTi^.—aee  Auriga. 

JUmacantars,   Almucaatani,  or  Almicanthera.— The 

Arabic  term  for  Fiiralleli  0/  Altitude.     These  parallels  were  conceived 
to  be  drawn  through  every  degree  of  the  meridian.     Obsokte. 

AJmaaac.— The  Arabic  name  for  The  Diary  ;  ita  uae,  especii 
L*  applied  to  theannuol  register  of  oatronomicat  phenomena  ualcMlal 
baforehand,  indicatcB,  with  iiumeroua  similar  wor^La,  the  channel 
Uirotlgh  which  our  navigators  have  received  much  of  tlie  K.'iuncu  on 
which  thair  ait  depends.— See  Nautical  Almauac ;  GounaisB- 
ance  des  Tampa. 

AJphard.— llie  Arabic  name  for  the  bright  star  a  Hydrix.- 
Eydra. 

AJpheratZ.— The  Arabic  name  for  the  alar  a  Amlromtdtr.- 
Andromeda. 

AltaiP-~Tho   Anibic   name  for   the  bright  star  a  Aquil/n.- 
Aqulla. 
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Altitude  ofaOelestialBody.— (L.  o^^thuio.  "height").— 

The  angular  distance  of  the  hody  from  the  horizon.  It  is  measured 
*'  hy  the  arc  of  a  circle  of  azimuth  (which  is  hence  generally  called  a 
circle  of  altitude")  passing  through  the  place  of  the  body,  intercepted 
Ji)etween  the  body  and  the  horizon,  or  by  the  corresponding  angle  at 
the  centre  of  the  sphere.  The  term  altitude  may  be  considered  to 
apply  not  only  to  elevalion  above  the  horizon,  but  also  to  tUpresakm 
below  it ;  and  in  that  case  it  is  reckoned  from  the  horizon  from  0  to 
"90*,  to  the  zenith  positive  ( + ),  and  to  the  nadir  negative  ( - ).  The 
complement  of  the  altitude  is  the  zenith  distance.  Azimuth  and 
-altitude  are  the  horizon  co-ordinates  for  describing  points  of  the 
■celestial  concave  relatively  to  the  position  of  an  observer  on  the 

earth's  surface.— See  Azimuth  and  Altitude. 

Altitude   of  a  Terrestrial  Oliject  above  the  Sea 

Horizon. — The  angle 
included  between  two 

lines  drawn  from  the  "^  "jsin^  ■ Mf — ^ — h 

eye  of    the    observer, 

the  one  to  the  hoiizon, 

the  other  to  the  object.    Thus  in  the  example  illustrated  by  the  figure 

HSO  is  the  altitude  of  the  mountain  above  the  sea  horizon. 

The  observation  of  this  angle  furnishes  the  means  of  determining 
a  ship's  distance  from  the  land.  When  the  height  of  the  summit  or 
-other  point  of  high  land  is  known  one  observation  is  sufficient. 
When  the  height  is  unknown  the  distance  may  be  found  while 
4standing  directly  towards  it,  by  means  of  two  altitudes  and  the 
distance  run  in  the  interval  between  them.  The  methods  of  computa- 
tion are  given  by  Raper  (Practice  of  Navigation  p.  p.  355—365,  and 
Dublished  in  a  separate  form  by  the  Qydrographio  Office. 


AlUtade— distiDguuhed   OS    Observed,    Apparent  ui4! 
^Pme.— 'The  Altitadee  ofbettvenly  bodies  are   observed,  from  tbs  I 
deck  of  ft  aliip  at  sea,  witb  the  sextant  for  the  dtSerent  problems  of  1 
«eli>-iukTigatioii,      Such  nn  altitude  U  called  the  ''  OlaeriYii  AUiludt."  ^ 
There  are  eertam  instrumental  and  circuraatantial  Bouriieii  of  error  by 
which   thia  is  affootcd  ;  (o)  The  sextant  (auppoaed  otherwisa  to  be  is 
adjuitoient}  may   Lave  an  indei  error ;  {b)  The  eye  of  the  obHsrver 
bMag  elfvatcd  above   the  surface  of  the  >ea.  the  horizon  will  appear 
to   tie   dcpreueil.   and   the  conse;|iient  altitude  in  reality  U>o  great  ; 
*iid  (ej  One  of  the  limbs  of  the  body  may  be  observed  instead  at  its 
«tiBtre.     When  the  coirevtions  for  these  errors  and  method  of  obEerr- 
ilig  M«  applied — the   "iadex  correction,"  "correction  for  dip,"  and 
"  Mmi-diameter " —    the    observed  ia  reduced   to  the   "  Apiiarait 
AUUude."       But  again,  for  the  sake  of  compnriRnn  and  computation, 
*I1  ofawrvatienB  mnit  bo  transformed  into   whut  they  would  have    I 
tntn   had   the  boilies   l>eeu  viewed  through  a.  uniform  medium,  and  I 
from  «oe  common  centre — the  centre  of  the  earth.     The  altitud«  ^ 
■appoaeJ  to  lie  so  token  is  ualled  the  "  I'rur.  AUUvde.."     It  may  ba 
4adiiced  Irom  the  apparent  altitude  by  applying  (a')  the  "correction 
for  refraction"  and   (J')  "the  oorreotiou   for  parallai,"  which  two 
«arTectioii*,  however,  ore  sometimes  given  in  tables  combined  under 
the  niune  "  Correction  in  Altitude."     When  a  body  ia  viewed  through 
the  KlnuHphers,  refraction  will  cause  the  apparent  to  be  greator  than 
Uw  true  altitude  i  hence  the  correction  for  refraction  is  subtroctive 
inBodingthe  tme  from  the  apparent  altitude.      The  position  of  the 
obaBrver  on  the  surface,  especially  for  comparatively  ncor  boilies,  will 
-4atue  the  apparent  to  Ik  less  than  thetrue  altitude  ;  hence  the  correction 
lot  parallax  is  additive  in  finding  the  tnic  front  the  appnrcnt  nltitude     l 
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Altitude,  MeridiaiL.~Th6  altitade  of  »  oelertial  body  when 
on  the  meridian.  In  the  case  of  a  cirenmpdUr  star,  whoee  whole 
diurnal  circle  ie  completed  above  the  horiion,  the  body  comee  to  the 
meridian  twice,  when  its  altitudes  are  spoken  of  respectively  as 
**  the  Meridian  Altitude  below  the  Pole,"  and  **  the  Meridian  Altitude 
above  the  Pole  ;**  the  former  is  the  lowest  altitude  the  body  has  in  ita 
revolution,  the  latter  the  highest.  The  meridian  altitude  is  easily 
observed  at  sea  with  a  sextant,  and  furnishes  the  simplest  and  most 
satisfactory  method  of  determining  the  latitude,  the  declination  of 
tlie  body   being    required    in    addition. — See    Latitude,    llOVT 

determined. 

Altitudes,     Oiroununeridian,    Bzmeridian.— Terma 

applied  to  altitudes,  other  than  meridian,  taken  for  the  determination 
of  the  latitude.  Though  employed  sometimes  in  a  general  and 
sometimes  in  a  specitio  sense,  they  are  for  the  most  part  restricted 
to  indicate  such  altitudes  when  taken  **near  the  meridian "  from 
which  the  meridian  altitude  can  be  deduced  and  the  latitude  thence 
obtained — the  limits  of  nearness  depending  on  the  latitude,  declina- 
tion and  the  degree  of  pre<Msion  with  which  the  time  is  known.  Some 
standard  writers,  such  as  Raprr,  Jeans,  Dubois  and  Coffin,  use  the 
term  **circummeridian"  ;  while  common  usage  has  adopted  the 
more  modem  and  shorter  term  **  ex-meridian,''  which  is  also- 
stereotyed  in  familiar  Tables  which  aid  the  solution  of  the  Problem 
"Latitude  by  Reduction  to  the  Meridian."  Neither  of  the  terms  i» 
found  in  Inman,  who  simply  uses  the  unambiguous  English  phrasea 
—"On  the  Meridian,"   "Oflf  the  Meridan."  "Near  the  Meridian.  ' 

Altitudes,    Combined.— Two   altitudes,    of  the    same  or 
different  celestial  bodies,  taken  for  the  solution  of  the  same  problem. 
The  term  waa  suggested  by  Uafkr  in  place  of  "Double  Altitudes."' 


iocralty  all    ^^1 
y  accepted     ^H 


Id  a  wilier  setae  it  may  be  orefuUy  applied  to  describe  genci 
OMOB  wbicb  are  pulicularized  uoder  otber  Mid  conunoaly 
tcmu.     It  would  thuB   include:  "  Meridian  AUiluda  above  and  brloio 
tie  PvU,"  ■•  Double  AtcHuJ^,"  " Kjual  Alaimlei." 

Altitade  a  Double.— The  tenn  used  in  oommoii  parlance  tor 
•  piur  of  combined  altitudoa  takeu  to  detennine  the  latitude.  These 
■Ititodea  ma;  be  of  tbe  same  body,  takeo  at  different 
differenlbodies,  obsHrved  at  either  the  eaine  time,  or  at  di£Fereal 
umea.    See  X.atitude,  hoir  determined. 

Altitudes,   Equal. — Tlie   term   gencmlly  used  for  a  pur  of 
combined  altitudes  taken  to  rate  a  chronometer 


M  method  generally  available  for  finding  t!ie  errtm^ 
^  ekroHomfitr  is  by  noting  the  time  sbewn  when  a  celestial  body  hal 
eqtul  altitudes  upon  oppoHJte  Bides  of  the  meridian.  One  half  of  tli« 
tnlerv&l  elapned  added  to  the  time  shewn  by  chronometer  at  tha 
wilier  observation  gives  the  time  by  ohronometer  corresponding  to 
Ihe  meridian  paJwaKe  of  tbe  body,  provided  that  no  change  has  taken 
phae  in  the  declinatiou  and  right  ascension  in  the  interval.  And 
ia  U>a  case  of  a  star  the  ship  Mean  Time  of  passage  is  found  by 
mbtnwting  the  R.A.  Mean  sun  from  the  K.A.  star  increased  by  21 
boura  if  neceeaary,  so  that  by  comparing  the  time  so  found  with 
dial  shewn  by  the  chronometer  the  error  is  determined.  By  thia 
method  it  will  be  observed  that  tbe  errors  of  the  instrument  and 
tbe  pervonal  error  of  the  observer  are  to  a  great  extent  eliminated, 
siiic*,  provided  thai  the  same  altitude  is  observed  on  each  occasion, 
titm  exact  value  of  the  oltitnde  is  unimportant.  See  Olirono- 
meter,  Brror  of.  j 


I 
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The  principle  of  "Equal  Altitudes'*  is  sometimes  applied  in 
finding  the  longitude  at  sea.  Its  use  however,  must  in  the  case  of^th* 
sun  be  restricted  to  those  parts  of  the  world  where  the  declination  of 
the  sun  approaches  in  value  the  latitude  of  the  place,  that  is,  the- 
regions  about  the  equator.  Under  these  circumstances  the  sun  has  » 
rapid  motion  in  altitude  until  close  upon  noon,  and  may  therefore  be 
utilized  for  time  observations.  But  if  a  considerable  interval  has  ta 
elapse  between  the  observations  the  error  in  the  Run  of  the  ship, 
which  has  to  be  brought  into  account,  would  vitiate  the  accuracy  of 
the  result. 

Altitudes,  Bquation  of  Bqtial.~When  in  finding  the  error 
of  chronometer  by  Equal  Altitudes  the  declination  of  the  body  (as  in 
the  case  of  the  sun)  has  suffered  any  change  in  the  interval  between 
the  observations,  a  correction  has  to  be  applied  to  the  half-interval 
in  order  to  obtain  the  time  shewn  by  chronometer  when  the  sun  is  on 
the  meridian.  This  correction  is  called  "the  Equation  of  Equal 
Altitudes. "  It  Ib  generally  given  in  the  form  of  an  expression  of  two- 
terms,  viz : — 

£s=^  (^^<^  <^  •  <^^  A- tan  I .  cosec.  A)  dp" 
where  dp  is  the  change  in  polar  distance  during  the  interval  2A. 

The  equation  in  this  form  is  somewhat  troublesome,  chiefly  iXk 
account  of  the  difficulty  in  fixing  the  appropriate  signs  of  the  twa 
terms.  In  the  Nautical  Magazine  for  February  1874,  a  method  waa 
proposed  by  Mr.  W.  H.  Bolt  for  finding  the  two  parts  by  inspection 
from  certain  Tables  then  published  by  Captain  Trivett,  but  recently 
revised  and  republished  in  "  Wrinkles  of  Navigation "  under  the 
name  of  *•  Lecky's  Tables  A  and  B." 


iplor  form  i>f  the  equslion  ia  : — 

E-  =  A  (Sec  d.  cot.  PXZ)  d/.' 
mhm  rxz   u   Llie  angle  at  Iho  body  conlaiiinl  |by   the  uirclea  of 
MltlUde  tnd  decimation,  >omettme9  called  "  the  angle  of  poBJtion. " 
la  th'a  ctiae  ire  have  tor  aiga  the  aimpte  rule.—"  When  the  body'a 
•iutiiiure  troin  the  elevated  pole  U  increasing  add,  when  decreasing 
mbtmct,"     If  PXZ  is  greater  than  90°,  the  rule  ia  of  course  reversed, 
it  of  the  cotangent  changing  aign,   but  tliia  can  only  occur  in 
the  tropica  irben   (1)  the  latitude  ia  teea  than  the  declination,  and  of 
the  luine  name,   and   (2)  when  the  observation  is  taken  between  tha  J 
point  of  maiimnm   axiinuth  and  the  meridian.     For  un  obeerTation  J 
taken  at  the  majcimum  aEimuth  in  anch  places,  the  ecjuation  vanJahes';^ 
»   ttat   which  is  vorth  remembering,  since  at  this  instant  the 
moving   in  altitads  most  rapidly,   and  ia  therefore  best  aaited  for-    I 
otMerratlon.* 

In  a  valuable  work  on  navigation  by  Maa.  Janet  Tavlob,  i 
cxpraaaion  in  one  term  is  given  as  follows  :— 

E=cot  h  coBpc.  0  coaec  ji  siu  {/i  -  0)  ilp". 
«hcT«  tan  e^cot  Icot  li  :  wiUi  the  same  rule  for  signs  as  tlutt  givea  I 


Altltudefl,  WAic<miiin   and  Mlnlinuni.— (L  > 

niim,  "least "),— For  a  body  of  fixed  det^lination, 
n  altitude  is  that  at  which  It  croasea  the  mcridioJi  above 
the  pole,  which  ia  known  aa  ita  Upper  Culmination  ;  it 
aliltnilo,  in  the  oasB  of  boiUea  whose  polar  distance  is  Ic 
Utitful«  of  place,   is  the  altitude  at  which  ii 
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below  the  pole,  known  as  its  Lower  Culmination.  When  however 
the  body  is  altering  its  position  in  the  heavens,  or  the  ship  <^h«Jigttig 
its  place  on  the  earth,  the  maximum  and  minimum  altitudes  are  no 
longer  the  same  as  the  altitudes  upon  the  meridian,  but  take  place 
earlier  or  later  according  to  circumstances.  Theoretically  the  change 
in  [the  right  ascension  of  the  body  and  in  the  longitude  of  the  ship 
both  have  a  certain  minute  effect,  but  practically  it  is  sufficient  to 
take  into  account  the  change  in  the  declination  of  the  body  and  in 
the  latitude  of  the  ship. 

To  find  the  time  when  a  body  is  at  its  maximum  altitude.     Let  h 

be  the  hour  angle,  p  its  polar  distance,  c  the  complement  of  the 

declination  of  the  zenith  (which  corresponds  with  the  co-latitude  of 

the  place  on  the  terrestrial  sphere) ;  also  let  dp  be  the  small  change 

in  the  polar  distance  corresponding  to  the  small  change  dh  in  the 

hour  angle.     Then  the  interval  that  should  be  applied  to  the  tune  of 

the  meridian  passage  to  obtain  the  time  of  maximum  altitude   is 

given  by  the  formula 

A  =  1  sin  (p—c)     dp 

15  sin  1*     sin  p  sin  e    dh 

Formerly  the  difference  between  the  maximum  altitude  and  the 
meridian  altitude  was  only  noticeable  in  the  case  of  the  moon,  the 
declination  of  the  other  heavenly  bodies  changing  relatively  so  slowly  ; 
but  of  late  years  the  largely  increased  speed  of  modem  steamships 
has  rendered  it  necessary  to  pay  attention  to  the  distinction  in  other 
cases. 

The  investigation  of  the  above  formula  will  be  found  in 
Mebkifiield's  TVeatise  on  Nautical  Astronomy,  A  small  Table  for 
«cilitating   the  reduction  of  the  maximum  and  minimum  altitude 
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vidian  i«  givfii  LQ  a  pumplilet  by  H.   B.  Goouwis,  b.n., 
"  Tkc  Kf^a-iUian  trcalal  an  a  Problem  in  DgNamlct."  the 

;  iaUnded   (or  use  in  combicutiou  with  BaKNT,  Waltck 

,M»'  Bx-Mer!dina  TabUf. 

tades.  Simultaneous.— Comb inerl  nllituileB  of  different 


Clrclea  of.-IJreut  circles  of  the  celestial  coiicuve 
tlic  hori»>ii,  and  so  coUetl  because  "  aUitudea  "  are 
1  on  Ibem.  They  all  paai  through  the  polei  of  the  hurizon,  ri 
iBuperior  pole,  Drwnith.iathe  •  vertai '  of  the  visible  heavens, 
lUey  are  also  called  "  \'tTtieai  Cirela,"  oi  taaiAy  "  ViTlieiiU." 
rayiitem  of  horizon  co-ordiiiate»  they  are  tenneil  '■  Circus  of 
'  as  marking  oot  all  points  that  have  the  same  "azimuth." 
B-ordinates  for  the  Surf^e  of  a  Sphere, 
tilde.  Clrclea  or  Parallels  of  Equal.— Circles  on  tbe 

111  every  point  of  each  of  which  a  given  heavenly 
otaerved  to  Imve  the  same  allitixie  at  any  given  time.  The 
Bqiul  altitude  is  a  great  circle  of  the  sphere  when  the  liody 
I  horizon,  or  its  altitude  0 ;  the  circle  is  reduced  to  t,  point 
I  body  is  in  Ibe  zenith,  or  its  altitude  90°  :  and  between 
I  limits  the  parallels  are  small  circles  whose  radii  correspond 
iplements  of  tlie  altitiides.  A  small  arc  o{  a  circle  of  oDual 
rhen  projected  on  a  Mereator's  chart,  will  be  approximately 
line,  ecpecially  it  the  altitude  of  the  body  be  low.  Such  a 
tA"  A  hill*  af  Btfuat  Allitailf."  The  determination  of  on«, 
Nh  lines  intersecting  each  other,  forms  the  baaia  of  what  ia 
BuntMr'a  Method"  of  finding  a  ship's  position  at  sea. — IJee 
Parallels  of. 
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Altitude  Parallels  of. — Small  circles  of  the  celestial  ooncftve 
whose  planes  are  parallel  to  the  horizon*  They  mark  all  the  points  of 
the  heavens  which  have  the  same  altitude.  The  Arabic  term  for 
this  system  was  "  AlmucarUarn. "  Compare  "  Parallels  of  Declination,'*' 
"  Parallels  of  Latitude."— See  Oo-ordinates  for  the  SUrfJEU^ 

of  a  Sphere. 

Altitude,  Correction  in.— The  total  correction  to  be  applied 
to  the  apparent  altitude  to  deduce  the  true  altitude.  In  the  case  of 
the  stars,  it  is  due  solely  to  refraction,  but  for  appreciably  near 
bodies  to  the  combined  effects  of  refraction  and  parallax.  When  the* 
effect  of  refraction  is  greater  than  that  of  parallax  the  correction  is> 
subtractive,  when  the  effect  of  parallax  is  greater,  as  in  the  case  of 
the  Moon,  it  is  additive.  Separate  tables  of  the  ''Correction  i& 
Altitude  "  are  given  in  works  on  navigation  for  the  stars,  the  sun» 
and  the  moon. 

Altitude,  Reduction  of,  to  another  Place  of  Observ- 
ation.—See  Run,  Correction  for. 

Altitude,  Motion  in. — An  instniment  is  said  to  move  "  in 
altitude  "  when  it  is  turned  on  a  horizontal  axis ;  in  contradistinction,, 
it  is  said  to  move  **  in  azimuth  "^when  it  is  turned  on  a  vertical  axis. 
An  azimutli  and  altitude  ir.strumeniliskdmita  of  both  motions. 

Altitude,  how  found  by.Calculation.— Given  the  latitude 

of  the  place  (/),  the  declination^of  the  celestial  body  ((i),  and  the  hour 
angle  (H),  to  find  the  altitude  of  the  body  (a).  Project  on  the 
horizon.  Z  is  the  zenith,  P  the  elevated  pole,  and  X  the  body.  Let 
c=90'-/,  p=90"  -</,  c,=90''-a.  Then  in  the  triangle  PZX,  cos  «— 
^aa  c.  COB.  p  -f  sin  c.  sin  p  cos  H. 


Tbiv,  lednoed  for  log&rithmic  compulatJOD, 
ir««  the  foUr<wisg  three  metboda  of  Bolviog 
tlw  problem,  aci^ordiag  to  the  tablea  in  uae.~ 


(tt)    V,r 


i,,.- 

^Mncn 
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tine 

obtiined  froin  the  formula. 
w 

2 

J      Bin 

«mp 

Vers  fl  =  2  sin  e. 


t  H 


(tn.)    Vot«  t  =  lere  (f-p)  +  vera  a 
Where  9  ia  obtained  from  the  fomiula 

Bav  0  =  na  e  bId  ^  hav  H 
or  Lhav0  =  L  sin  c+  Lain  p  +  LhavH-20. 
Tfaii   is  the  (impleit  form,  but  roqairea  the  posaeaaian  of  k  Tabia 
of  logaiithinic  Hnverainex. 

Another  fonii  of  the  exprewion  for  findiDg  8  ii: — 
LogUbven  tf  =  L  Bine  +  Lsiop  +LhftvH  -  30  +  C-301030, 
at  the  uae  of  this  is  now  klmoat  obsolete. 


All  ftppUcal 
of  working  a  U 


D  of  thia  problem  may  be  Men  in  one  of  the  method 


— The  initialsof  "  Ante  Mfridirm," 
"  PmI  Mrridltm,"  "  Afur  Noon." 
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Amplitude  of  a  Heavenly  Body  (L.  ampUtudo,  '*exteDt"). 

— The  distance  from  the  "  east  point  '*  at  which  the  body  riaes,  or 
the  distance  from  the  *'  west  point "  at  which  it  seta  ;  these  distances 
being  arcs  of  the  horizon  measured  northward  or  southward.  The 
amplituiic  is  sometimes  called  the  Rising  or  Setting  Aamuth,  and  it 
then  reckoned  from  the  north  or  south  point,  according  as  the  south 
or  north  pole  is  elevated.  It  has  been  objected  to  the  continued  use 
of  this  term.  Amplitude,  that  we  generally  in  fact  observe  the 
bearing  of  the  body  with  the  azimuth  compass  from  the  N.  or  S.,  and 
then  convert  this  to  its  bearing  from  E.  or  W.  But  it  is,  on  the 
other  hand,  advantageous  to  retain  a  term  so  expressive  and  marking 
a  particular  case.  It  is  as  natural  to  speak  of  the  amplitude — referring 
the  body  to  the  E.  or  VV.  point — as  it  is  to  speak  of  an  object  as 
two  or  three  points  abaft  or  before  the  beam. 

Amplitude,  True.— The  bearing  of  a  celestial  body  at  rising 
or  setting  (i.e.,  when  its  centre  is  on  the  rational  horizon)  from  the 
true  east  or  west  point ;  found  by  calculation  from  the  latitude  of  the 
place  and  the  declination  of  the  body,  or  taken  by  inspection  from  a 
table  of  which  these  quantities  are  the  arguments.  It  is  in  general 
simply  called  **the  Amplitiule,^*  but  it  is  sometimes  qualified  as  the 
True  Amplitude,  to  distinguish  it  from  the  Compass  and  Magneiie 
Amplitude. 

Amiplitude,  Oompass.— The  bearing  of  a  celestial  body  at  ite 
rising  or  setting  from  the  compass  east  or  west  point ;  found  bj 
direct  observation  with  an  instrument  carrying  a  magnetic  needle, 
corrections  being  then  made  for  dip,  refraction,  and  parallax.  The 
diJBTerence  between  the  true  and  oompass  amplitude  gives  the  oorrectioa 
(variation  and  deviation  combined)  of  the  compass,  or  as  it  is  nsually 
termed  the  "  oompass  error." 
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Antplitude,     ISa^etiC.— A    lerm  aometimea  ased  for  the    , 
I   fceariog  of  a  celestial  body  at  rising  or  seltiDg  from  the  compasa  ei 
mat  points  ;    found  by  direct  observttioti  nitb  im  inBtniment 
•hore  trben  not  ftfTected  by  deviatiou.     It  ia  diatinguiahed  from  the 
Tnt   Amplitude,    or  AmpUlude  properly  ao  called,  and  from  the 
GmpoM  Amplitude. 


Amplitude.  Magnetic— distiiiguiabed  OB  Observed  uid 
OorreCted.— 1'he  "  Ohsemfd  "  &1tkgnetic  Amplitude  of  a  celeati&l 
bodj  la  its  l>eariiig  from  the  uompuas  eaat  or  west  point  when  It 
>p[>fl&n  in  the  aea-borizon  of  an  observer  atAnding  on  the  deulc  of 
tite  ahip.  The  '■  Corrtctrd  Magnetic  Amplituda  is  the  boariug  of  the 
body  (roni  the  compoaa  east  or  weat  point  when  on  the  rational 
iion.  >s  it  H-ould  appear  to  a  spectator  at  the  centre  of  s  aphere 
1  liiroiigh  a  UDiform  medium.  The  diurnal  circles  of  the  celeatial 
bodies  being,  except  at  the  equator,  inclined  to  the  horizon, ondmore 
a  the  higher  the  latitude,  any  cause  which  aSecU  the  time  of 
rising  will  alfcut  the  apparent  amplitude,  in  a  degree  becoming 
grekt«r  jas  the  latiWilc  increosea.  Theae  cauaes  ore  the  following  .— 
(1)  The  elevation  of  Iha  observer  depresses  the  aea-horizoo,  while  it 
t  affect  the  phwe  ot  the  celestial  body— hence,  by  reason  of 
tin  dip,  the  body  appean  to  riae  before  it  ia  truly  on  the  lensible 
:  (-)  The  great  n^iietion  at  the  horizon  causes  the  body  U> 
mfptmt  U>  rue  coiisiilembly  before  it  comes  to  the  sensible  horizon  ; 
(S)  When  •  body  is  in  the  senaible  horizon  to  an  eye  at  the  centre  ot 
1h»  aiahere  it  has  already  passed  the  ruticTiul  horizon.  This,  being  the 
i  at  paralUu,  is  only  of  importauoe  in  the  case  of  the  moon. 
I  corrections  will  be  found  in  the  tables  given  in  the  ordinary 
n  uavi^tion. 


i 
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Amplitude,    Bearing    and  Dime.— By  the   **B6Miiig 

Amplitude  of  the  Sun  "  is  meant  the  arc  of  the  horison  interoeptod 
between  the  east  point  and  the  point  where  the  son  rises,  or  between  the 
west  point  and  the  point  where  it  sets.  By  the  "  Time  Amplitude 
of  the  Sun  "  is  meant  the  time  he  rises  before  or  after  6  ▲.!!.,  or 
after  or  before  6  p.m.  When  the  latitude  and  declination  are  of 
names,  the  sun  rises  so  much  before  6  A.M.,  and  sets  so  much  after 
6  P.M.  ;  when  they  are  of  different  names,  the  sun  rises  so  much  after 
6  A.M.,  and  sets  so  much  before  6  p.m. 

Amplitude,  Observation  of.—The  usual  instructions,  for 

taking  amplitudes,  are  laid  down  with  the  view  that  the  body  shall 
be  observed  at  the  moment  when  its  centre  is  really  in  the  rational 
horizon.  Thus  the  bearing  of  the  aim  is  directed  to  be  taken  when 
its  lower  limb  appears  half-way  between  the  horizon  and  its  centre  i 
the  bearing  of  a  star  is  to  be  taken  at  an  altitude  of  34' :  the 
amplitude  of  the  moon  cannot  be  thus  directly  observed  with 
accuracy,  especially  in  high  latitudes,  by  reason  of  her  great  depressiasi 
by  parallax,  but  may  be  found  approximately  by  observing  h^ 
bearing  when  her  upper  limb  is  in  the  horizon.  In  all  cases,  however, 
the  better  plan  is  to  obtain  by  observation  the  bearing  when  the 
centre  of  the  body  appears  on  the  horizon,  and  apply  the  necessary 
corrections  (for  dip,  refraction,  and  parallax)  taken  from  a  table. 
For  the  sun,  when  rising,  observe  the  bearing  of  the  upper  limb  as  it 
appears  on  the  horizon,  and  continue  to  take  beariiig8  of  the  vertex 
until  the  lower  limb  appears.  Read  off  each  bearing.  At  sunset, 
when  the  lower  limb  touches  the  horizon,  proceed  in  like  manner 
until  the  upper  limb  disappears.  The  mean  of  the  readings, 
reckoning  from  the  east  or  west  point,  is  the  observed  amplitude  of 
iJie  centre;   when  practicable  the  moon  may  be  observed  in  the 
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way.     In  the  caie  of  tlie  bud  and  itSira,  a  table   (with  latitude  and 
deditiatiOD    for    aigumeots)    givss    the    Decessury    correction    for 
RfncUon,  to  which   tlie  requisite  dip  is  added.     The  aa-me  tnbia 
applied  in  the  eontrarg  way  gives  the  correction  for  tlie  moon,  wliich 
U  Uie  excess  ofthe  effect  of  p&ralUz  over  the 
«nnibln«d  effects  of  refraction  uid  dip.     The 
amplitude  of  a  star  should  be  observed  at 
mtliag,   to  admit  of  the   body   being  easily 
ideaitiSeil.  ' 

Amplitude,  ho-w  found  by  Calcu- 

— The  figure  i*  a  projection  on  the 
K8    is    the    mendian,    RQW    the  « 

Z  the  Eenith,  P  the  elevated  pole,  and  X  the  hody  ii 
korison.  Then  PZX  is  a  quadraulal  triangle  (ZX=O0°).  in  wbicb,  I 
haring  given  I'Z  the  colatitude  (<:  =  90°-f).  P^  the  polar  diatAooa  i 
ifi=Oir*iD,  we  can  deterinine  the  angle  PZX,  which  i 
■wmtplaoBM  of  EZX  the  amplitude  (aj. 


I 


CoiPX  = 


nPZ» 


IS  PZX 


.-.  L.sin  »= 
Tb«  amplitude  can  be  taken  a 


^Crom 


it  approximately  byinspectira 
Mbleootittractedforthe  purpose,  and  given  in  most  works  on  di 
Uw  ATgnmenU  lieing  the  declination  and  latitude.  The  principal  I 
^^Icntion  of  this  prolitem  is  in  finding  the  error  (variation  aad  I 
ibviation  combined)  of  tlie  compass.  The  method  should  he  avriide<Lfl 
in  high  latitudes,  when  the  sun  shims  along  the  horizon,  and  an  erroy  I 
«t  vm*l  'lpf;»e«  niiiycuity  result— See  OompaSBGorrectiQnB^ 
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Andromeda. — A  constellation  between  Pegasus  and  Perseus,  and 
to  the  south  of  Cassiopeia  and  Cepheus.     These  groups  were  named 
by  the  Greeks  after  persons  in  their  mythology.    Andromeda  waa- 
the  daughter  of  Cepheus  and  Cassiopeia,  who,  being  1>ound  to  a  rock, 
exposed  to  a  sea-monster,  was  delivered  by  Perseus.     The  four  stars- 
of  Pegasus,  forming  a  remarkable  square,  can  always  be  recognized 
after  being  once  pointed  out ;  one  of  these  stars  (the  most  northerly)  is 
common  to  Pegasus  and  Andromeda,  and  called  8  Pegcuior  a  A  ndromeiUE. 
The   three    principal   stars   of   Andromeda    form  a     line     joining 
Pegasus  to  Perseus,  a  AndromecUB  (called  Alpheratz),  Mag.  2.1  :  1896, 
R.  A.  Oh.  3ni.,  Dec.  -h28'*3r.     j8  Andromedce  (called  Miradi),  Mag.  2.2  ; 
R.A.   1^-  4m-,  Dec.  +35*  4'.  7  Aniiramedoe  (called  Alamak),  Mag.  2.1 ;. 
R.  A.  Ih.  58m.,  Dec.  +41'  SC. 

Aneroid  Barometer  (Gk.  a  "without;"  wripbs,  "fluid").— -A 

barometer  into  the  construction  of  which  mercury  or  other  fluid  does 
not  enter.  Other  derivations  of  the  word  have  been  given  ;  thus  it 
is  said  that  M.  Vidi,  the  inventor,  intended  to  call  the  instrument  an 
Aneroid  Baroscope,  as  by  it  the  pressure  of  the  atmosphere  is 
**  perceived,"  in  a  manner  similar  to  that  by  which  changes  in 
elasticity  of  the  atmosphere  aflFect  the  body  of  a  man  (<l»'/)p,  **  a  man  ") 

—See  Barometer. 


Ang^le  of  Position. — In  the  spherical  triangle  PXZ,  in  which 
PZ  is  the  colatitude,  PX  the  polar  distance,  and  ZX  the  zenith  distance 
the  angle  subtended  at  the  body  X  by  the  colatitude  PZ  is  sometimea 
called  the  **  Angle  of  position." 


«i 


Angle  of  the  Vertical."— See  Latitude,  Reduction  of  ^ 


AnSlUar   Distance.— The  augular  dUtance  of  tno  remotftl 
liea  is  their  apparent  diatonce,  sa  measured  by  tlie  luigle  they-  * 
>ubt«Dd  at  the  eye  of  the  observer.     This  ia  ui 
import&nt    element    in  celo-uuvigation,   for   tU 
heavenly  bodies  appear  on   the  surface  of  the 
celeatial  concave,   and   it   is   by  their  abserred 
angnlar  diatonceB   that  their  relative  position* 
furniah    data    in    the   probleme  of  navi 
Thus,  let  E  be  the  centre  of  the  eoHh,  X  »ud  XTJ 
two  hekvenly  bodies  at  bui  absolute  distance  from  each  other  XX'J 
They  appear,   as  ■ceo   from   F.,  to  be  projec(«d  at  x  and  x 
ecl«tial  concave.    The  angle  XEX',  or  the  arc  rjf,  is  called  theii 
uignUr  diilance. 

Antarctic  Circle  (Gk.  irrl,  "opposite  to"  v«. 
Bom.")— The  "Soalli  Polar  CiVdir,"  or  parallel  of  latitude  about  C8" 
ST  S.  It  encircles  the  south  ]wle  at  the  same  distance  from  it  as  the 
tropical  circles  are  troni  the  cqnator(aboat  23"  2T')i  and  it  includes 
wilbin  it  the  south  frigid  lone,  which  it  separate*  from  the  south 
temperate  i^oue.  It  is  called  the  "Aolorctic  "  circle,  as  being  on  the 
t>ppo«ile  larrl)  side  of  the  globe  to  the  "  Arctic  "  circle,  —See  Amtlc 
Oircie.  - 


-The  > 


An  tares. - 
BcorpiUB- 

Ante  meridiem  (L 
dm(pi»tion  of  the  first  twel 
ite,,  batorv  the  inn  has  an 
•N  fitting'! ■"I'ihI  OB  the  hoi! 


I  name  for  the  bright  star  a  Scorpii,  — See' 

'  Before  Noon  ;  "  abbreviated  A.M.)— The 
e  hours  of  the  civil  or  nautical  day  those, 
ved  at  the  meridian.  The  otiier  twelve 
ra  •■  Post  Meridiem."  (Abbreviated  P.M 


"^ 
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Aphelion  (Gk.  dr6  **away  fFom;"^ot,  "the  sun").— Erery 
planet  revolves  in  an  ellipse  round  the  sun,  situated  in  one  of  tho 
foci.  That  point  in  its  orbit  farthest  from  the  sun  is  called  the 
ApheUon,  that  nearest  to  the  sun  the  Perihelion. 

Apogee  (Gk.  Ar6,  "away  from;"  yij,  "the  earth").— The 
moon  revolves  in  an  ellipse  round  the  earth,  situated  in  one  of  the 
foci.  That  point  of  her  orbit  farthest  from  the  earth  is  called  the 
Apogee,  that  nearest  to  the  earth  the  Perigee, 

Apparent  (L.  apparire,  "  to  appear  "). — An  adjective  indicating 
that  which  appears  to  the  senses. 

1,  **  Apparent"  is  sometimes  equivalent  to  true  or  rea/,  when 
contrasted  withjictitious  or  imaginary.  Thus  the  "  apparent  sun  "  is 
the  true  sun  which  we  see,  as  opposed  to  the  inmginary  "  mean  sun  ;  '* 
**  apparent  time  "  is  measured  by  the  hour-angle  of  the  same  sensible 
body  and  is  opposed  to  '*  mean  time,"  which  is  defined  b}-  the  move- 
ment of  the  fictitious  mean  sun ;  "  apparent  noon  "  is  the  instant  when 
the  true  sun  is  on  the  meridian,  and  is  distinguished  from  the  "  mean 
noon,"  which  is  marked  by  the  transit  of  the  mean  sun. 


2.  "Apparent"  is  sometimes  used  as  a  qualification,  distinguish- 
ing on  the  one  hand  from  observed,  and  on  the  other  from  true.  It  is 
in  this  sense  applied  to  elements  corrected  for  instrumental  and 
•circumstantial  sources  of  error,  but  not  yet  reduced  to  the  common 
standard  for  comparison  and  computation.  We  thus  have  the 
'* apparent  altitude"  of  a  heavenly  body,  and  the  "apparent 
distance "  of  two  heavenly  bodies,  distinguished  on  the  one  hand 
from  the  **  observed  "  and  on  the  other  from  the  "  true  "  altitude  and 
distance.  So  also  there  is  the  ''apparent  place  *  of  a  heavenly  body 
Jn  the  celestial  concave,  and  the  "  true  place." 


e  opposed  to  proper,  to  diBtingaUh 
Kdiuma]  motion  of  the  heavenly  bodiea  resulting  from 
■  rotation  od  her  axis,  from  that  which  is  dne  to  the 
annual  revolDtion  of  the  earth  in  her  orbit,  and  t«  the  motion  of 
«»ch  body  in  its  orbit, — See  under  each  t«nn  qnalified. 

"  Apparent  Time  of  Obangre  Tide."— The  date  of "  change 
tide,"  vhich  is  expressed  in  apfmrf  at  time.  The  stinple  term  "  uhange 
tide"  LI  commooly  uaed  when   speaking  of  this   date, — See  undar 

Tide. 

ApproxitnatioDS ;  Approximate  Method.- Appro: 
ationa  aie  approacliea  nearer  and  nearer  Ui  the  itiiantity  sought, 
approximate  method  of  solving  many  problems  in  navigation  is  i 
vhich  rough  valoes  of  elements  arc  nsed  nnd  general  oonc1uBi< 
(Inwn,  The  results  of  an  approximate  metlnxl  are  often 
valuable.  It  is  fi-e'inently  the  only  one  that  can  be  used  in  cs 
haat«  i  it  may  beounvenicntly  applied  when  pvBciBioniaaotneaessary; 
and  it  furaiihei  an  cosy  check  against  mistakes  which  may  occur  In 
ijie  more  elaborate  work  of  the  rigoroua  method. 

Aquariua,  the   Constellation  or,  (L.  Aynariiu, 
Water-Bearer ; "      tlk.      t>SpoxMi>t,     "  The     Water-Pourer"  ).— "n 
«laTenth    constellation    uf    the   ancient    zodia^i,   indicating  a  i 
MWinn   nf  the  year.     The  number  bf  risible  stars  in  this  group! 
nty  gnaX,  but  they  are  all  small,     a  A'/uatii  Mag  3''J  ;   1896,  K.^ 
J2h.  Dec-tiSff. 

AqoariOS,  the  Slernof.— Thatportinnof  theeoliptiow 
ll^^jm  MCF  to  330°  longitude,     Owing  ta  the  prei 

l&cida  with  the  runHbUiUiou  n 
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name,  the  sign  at  present  occupying  part  of  the  constellationB  Capri- 
oomus  and  Aquarius.  The  sun  is  in  Aquarius  from  about  January 
20th  to  about  February  20th.    Symbol  ::r. 

Aquila  (L.  "  The  Eagle  '*). — A  constellation  containing  an 
important  star  a  AquilcB  formerly  called  Allair,  It  can  readily  be 
found  by  drawing  a  line  from  the  two  bright  stars  of  Draco  to  Lyra, 
and  continuing  it  to  twice  the  distance.  This  is  one  of  the  stars  of 
which  the  '*  lunar  distances "  are  calculated  and  tabulated  in  th» 
Nautical  Almanac,  and  which  is  therefore  useful  in  finding  the- 
longituda    Mag.  10.     1896,    R.A.  19h.  46ni.  Dec.  +8'  36'. 

Arc  (L.  arcus  "a  bow"). — A  portion  of  a  curve,  as  of  th» 
circumference  of  a  circle  or  an  ellipse. 

Arc  Proper. — The  arc  of  an  instrument  for  taking  angles,  ia 
graduated  from  zero  through  the  range  which  the  instrument  i8> 
adapted  to  observe.     This  graduated  arc  is  called  **  the  arc  proper." 

Arc  of  Bzcess. — In  instruments  for  taking  angles  the  zero  of 
the  arc  is  not  coincident  with  its  extremity,  and  the  portion  of  the 
arc  so  excluded  is  graduated  in  an  opposite  direction  to  the  arc 
proper ;  this  portion  is  called  the**  arc  of  excess."  It  is  necessary  for 
finding  the  index  correction.  In  observing  small  angles,  if  a  pair  of 
observations  be  taken,  one  directly  and  the  other  reversely,  the- 
mean  of  the  readings,  one  "  on  "and  the  other  **  off"  the  arc,  will 
give  the  angle  free  of  index  error.  This  is  important  in  nautical 
surveying. 

Arctic  (6k.  ApKToSf  arktog,  **a  bear"). — A   term  synonymous 
with  *'  northern,"  derived  from  the  constellations  of  the  Great  Bear 
and  the  Little  Bear,  which  are  the  most  conspicuous  of  those  adjacent- 
to  the  north  pole  of  the  heavens. 


^^^'^ 

Arctic  Circle  (i;li-   V«.    "'•■   l>ear")-ThB   "Xorlh    Polo^H 
Circk:'  or  psmllel  of   latitude  of  about  66°  3.r  N.     It  eneifcles  tlW^^ 
north  pole  at  the  sums  dut&nce  from  it  aa  the  tropioal  circlea  ue 
from  the  e-iuator   (about  23'  27').  M"I  it  includes  withiu  it  tbe  north 
tripd  Hine,  whiuh  it  Mpftrate*  from  thenoith  teinperatB  moe.     The^J 
tano  wu  applied  oTigiuaJly  to  the  uelettiAl  parallel  of  decliimtio^H 
of  about  GO'  32*  N.,  within  which  is  aituatvd  tbe  important  caQBt«U^^| 
Man  tJ  the  Great  Bear.                                                                               ^H 

A«lturas.  Hjwtoi.   "a  beor;"a5()«,   "a  warder,"  "TbeBei^H 

■nodem  catnlogoes  a  BoSli^.     Tbi«   corntellation  Boilt«a,  which  usrf^^ 
«lm  to  be  called  ArcUiphyiax  (ApKrM,  "  a  bear ;"  ffiilXaf,   "  a  wat«lieF") 
ia  •iluat*!   Iwliiu-I   the   Ui!  of  the  Great  Bear.     Arcturus  can  eaaUy 
h*  found  by  oontiuuing  the  curve  formed  by  tbe  three  atari  of  tb«^l| 
Bear-stwl.  to almoet  twice  iW  length.     Itiaonsof  the  ittirBobserra^H 
to  Uvea  proper  motion.      Mag.  0  0.     1896,    R.A,  l-U  lln,  Deo.  -^H 

ATgO,{Ariii/,  Jffffljr,  theshipof  Joaon.  the  gentleman  adventura^^B 
snd  naTigator  of  mythical  timea).— A  very  oiteuBive  conatellatioa  ^^^H 
tbe  jonlbom  bcmiipbore,   of  which   the  Boverol  parts  are  Daraed,^H 
Oariaa,    "the   Keel ;"  Pu/ijim,  "  tbe   Poop"   Maliu,   -tbeMaat;"         1' 
•od  Vtla.  ••  the  SaiU."    It  U  to  the  soath-eaat  of  Cauia  Major.     The 
atar  a  Arg<U  (caMed  Cani>;>ua)iB  one  of  the  brightegtin  the  heaveiitu 
Frooyon,     Sirina,     and    Canopua    are    in    a    line,    running  along 
the  aoutb-eait  of  Orion,  by  which  indication  Canopaa  may  be  found ; 
1    M  m  line  from  Rigel  through  a  Coiumlm,  and  produced  alwut  half  Uie 

^^■■kt  by  the  Sword  ot  Orion,  which  poinUdincUs  Vmuft&^fl^l 

7-5  in  tlie  period  ol  70  y 


Mag.  0-4  !S%,  R.A.  fih.  22ra  L) 
stAr  changing  from  magnitude  I 
1890.     B.A.  lOh  41111.  Deo.   _  59"  ; 

ArgWUeUt  (L.  ar^fumfnU. 
bkblei  tlie  argument  ia  that  quiuitity  upon  which  the  tabulated  oa*- 
depende,  and  with  which,  therefore,  the  tjible  is  "entered."  Thus, 
in  K  lable  of  eorrection  for  refraction,  tlie  altitude  is  the  argument. 
Wlien  the  element  tflbulated  depends  upon  two  given  odsb,  then  there 
are  two  argnnienta  n'itii  wliicli  to  enter  the  tBbte^.ODe  ut  the  aide, 
the  other  at  the  top,  Tliiu.  for  the  correction  for  the  moon's  altitude, 
the  argunienta  of  the  principal  table  are  the  apparent  altitude 
the  minutes  of  tlie  moon't  horizontal  paralki, 

Aries,  the  Oonstellatlon  of  (L.  Arii*  ■■The  Ram"), 
fint  constellation  of  the  ancient  uhIIoc,  marking  the  period  for 
eonuneiuoration  of  the  mythical  tiolden  Fleece  uoonocted  with  the 
ship  Argo.  The  only  two  stars  in  it,  of  any  note,  ore  a  anil  ^  near 
together  in  the  horns,  a  being  the  more  northerly,  a  AiiHin  (called 
Jlamrl)  is  one  of  the  stars  of  which  the  "  lunar  distancea  "  ato 
calculated  and  tabulated  in  the  Nautical  Almanac,  and  therefore 
important  for  finding  the  longitude.  Mag.  2;  1S96,  R.A.  2K  Im, 
Dec.+22"58'.  ^  JiWu.  Mag.  2.8;  1696,  R.A.  lh.*9>n  .  Dec. +20°  18'. 
The  group  con  easily  be  found  :  either,  by  continuing  Ibe  line  from 
Procyon  through  Aldeboran  Xo  about  the  same  distance  beyond  it^ 
when  it  will  pass  a  little  to  the  south  of  the 
a  first;  or  again,  the  liiie  joining  the  Pleiadea  and  Algenib  ll 
by  (J  ArietU. 

ArieB,  the  Slffn  of- — 7be  division  of  the  eclipti 
the  HraC  30'  of  longitude,  reckoiung  from  the  vernal  equinoctial  point 


3 


i 


beyond  l^ 
J  inolndl^™ 


orr  fint  point    of    Ariea.       Thii   oriyiii,    owing  tu    ilie    | 
ol  the  equiDOxes,  is  at  prewnt  in   Che  conatelkition  PiBoeB. 
U  in  Aries  from  March  21st  tn  April  20th.      Symbol  T  . 

Arlea,    Plrat  point  of, -The  "  I'tmnl    BiHinoelial   Pob 
one  of  the  pointa  where  the  ecliptic  crouei  the  equinoctial,  t 
as  (wing  the   commenceineiit  of  the  sign  Ariea. —See  BquinoCtlal 
Points. 

Arithmetical     Complement. ^Tlie    complement     o(, '  il 

ijiuotity  is  what  miiHt  be  mlileil  lailto  make  it  equal  to  aome  hied 
<lo»ntily.  In  the  case  of  imiiibero,  the  filed  quantity  ia  geuerally  10, 
100.  or  the  power  of  1(1  next  higher  than  the  number  in  queation  ; 
tliiu  th«  ur.  CO.  oC  756  ib  1000-7563^244.  The  arithmetioal 
ootnpletnant  of  s  logarithm  is  the  difiereaco  between  the  logarithm 
uul  10  1  thus  the  ar.  oo.  of  tog.  4  u  lO-loa.  -4=10^  002040- 
«-397»«itbe  ar.  co.  of  log.  A  ia  10-2-602060=11-397940.  In 
prkctioe,  the  arithmetical  complement  of  a  logarithm  (which  is  often 
wKuleil)  U  most  easily  found  by  taking  each  digit  from  0  except  the 
Ual  aignificaut  one,  which  is  to  be  taken  from  10. — Sea 
Complement. 

Artificial  Horizon.— A  reflector  whose  aurfaco  'a  perfectly 
borifxnUl,  ii«hI  f.n-i>biwrviug  altiluile.  — SeeHorlzon,  ArtlficlaL 

ArtlflOlal  Projections. -Delineations  of  a  aiiiface  on  n, 
plane  traced  according  to  fined  laws,  but  not  being  prrt/jfc'ive 
t«preeentatiunB.  Example.  Mercalot'a  projection  of  thu  sphere. 
Uistuiguishtd  from  Nutural  Pt-n/Vefiona.  — See  Projections. 

AatrOlabe.     (Gt.    in^p,    •■»  star;"  Xa^piour,    ■■t«  lake-   ). 

ient  inttrumont  for  taking  observations  of  the  stars,  the 

femt  of  which  has  vorleil  in  different  agos.  Us  priud^kteU.e&'KfiYa 


the  ftu-'t  tbiLt  Ihe  circles  of  the  celeatial  concavu  and  those  of  b  biu&II 
glolw  ioa,y  be  conaiditreil  conceDtric,  having  Che  obaerver's  eye  in 
their  com nma centre.  The  Astrolabe  iiaed  by  navigators  wai  simply 
AD  uiiiuUr  disc  gradnnted  into  360',  alid  having  a  mot'oablc  di&met«r 
ourying  vanes  i  the  instrument  being  suspended  by  a  ring  at  the 
point  corresponding  to  the  Mnith.  This,  u  Sir  Jonas  Moore  says, 
"  is  Ihe  lirst  nud  most  natural  instrument  of  a'l  others,"  and,  before 
the  invention  of  (he  sextant,  it  wns  "  no  cnnteoipllble  iDBtniment,' 
"Astronomical  Bearings."— The  method  of  tinding  the 

true  bearing  of  a  terrestrial  object  by  referring  it  to  some  celestial 
body.  The  difference  uf  beiirtng  of  tlio  two  being  obtained,  and  the 
oziniutli  uf  thsccleBtial body  Iraing  known.  Uic  true  tieariiig  oraxiniuth 
of  the  terrestrial  objiset  cnn  Ije  de  tern  lined.— See  Azlmuth  (True) 

of  a  Terreatial  Object,  how  found. 

Astronomical    cross  Bearings.— A  name  giv«n  to   the 

Sumner  method  of  iixin^  the  position  of  a  ship  by  two  lines  obtkined 
by  astronomical  observaliana. 

Astronomical  Clock.- A  dock  of  superior  construction,  and 
specially  adapted  for  aatrononilcal  observation. —See  CIocIe. 

Astronomical  Dfty. — ^Tbe  day  used  by  astronomers,  and 
to  which  their  observations  are  referred  ;  it  is  distinguished  from  the 
riutf  day,  which  regulates  the  ordinary  business  of  life. — See  under 
Day. 

Astrosomy  (Gr.  im-^p,  "  a  star,"  any  celestial  luminary ; 
ri;u>t.  "a  law"). — The  science  which  treats  of  the  great  bodies 
which  make  up  the  visible  tutivene.  It  is  generally  divided  lota  (1] 
/'lane  Ailronomy,  which  deals  with  the  magnitudes,  diataocea, 
•mtngemeuta,  and  motionf  of  the  heavenly  bodies,   a«    facts  which 


are  ituitl«re  of  obaervHtioD  ;  (2)  Physical  Atlrunmny,  wliich  I 
biwstigntca  phMiomena  on  Ibe  principles  of  meohmics,  kncl  refen  I 
Ihem  to  general  lawi.  That  portion  of  Plabe  Aatronomy  which  ia  I 
•fipUeil  to  the  purposes  of  navigatioa  is  called  NauUeal  AttrotMmy,  \ 
Whcnthi^  term  ii  u«ed  to  dascribed  a  br&nch  of  naitigatioD,  it  is 
>  mifatile  fine.— See  Oelo-naTlgation 

AtmoeplierO  (Ok.  dTnii,  "vapour;"  iTipiupa,  "a  aphen 
— 1^  rou«  ol  air  envelopiog  the  earth,  and  conatituting  a  coating  of 
•qnable  or  aearly  equable  thicknen.  This  oilrial  ocean,  of  which  the 
snrbce  of  (he  sea  and  land  forms  the  bed,  diminiahea  In  density  veiy 
ni{iidly,  till,  withui  a  moderate  distance  from  the  earth,  all  soDBible 
tOM  of  it*  existence  disappears.  Une-thirtieth  of  its  whole  muss  ia 
faidndcd  within  1000  feet,  and  one-half  of  the  whole  within  18,010 
iMt,  (rom  the  surface  of  the  earth  ;  and  there  is,  practically  speaking, 
no  klr  at  a  diit&tioe  above  the  earth's  surface  of  the  one-bandredlh 
put  of  its  diameter  There  is  probably  an  absolute  and  definitu  tiiuie 
to  the  aUuoaphere.  The  atmosphere  is  always  kept  lo  a  state  of 
cinalatiou  owing  to  the  excess  of  heat  in  its  equatorial  region  over 
tlwt  at  the  poles,  and  ulouds  float  iu  its  lower  strata.  This  is  the 
apeeial  proTince  of  the  meteorologut,  whose  observations, 
illTestigatious,  and  inventions  are  of  sucli  importance  to  the  seamen. 
The  aluioEphcre  is  also  a  subject  of  importaut  consideration  for  the 
reason  of  its  effect  in  modifying  astronomical  pbenouiena, 
—See  BefractlOQ ;  Twlllgbt. 

AtmO&pberlC  Pressure.— The  atmosphere  presses  equally  i«fl 
nery  direction  ;  its  effects  therefore  are  not  sensible  upon  Iwdie^W 
wbolly  immomed  in  i<.  But  if  the  atr  be  withdrawn  from  one  side  of  ' 
k  body,  the  preMure  an  the  rest  of  the  suiUm  i&  t.^  Qac%  nu&A 


34  AUTUMNAL  EQUINOX. 


evident.  In  nature,  we  have  UlustrationB  of  the  working  of  this 
truth  in  the  force  which  keeps  the  limpet  on  the  rock  and  enables  tho 
fly  to  walk  on  the  ceiling.  Experiments  have  established  the 
principle  and  given  the  actual  amount  of  the  pressure,  which  is 
found  to  be  about  151b.  on  the  square  inch.  Torricelli,  in  1643» 
ascertained  the  height  of  the  column  of  mercury  that  could  be  kept 
in  equilibrium  by  the  pressure  of  the  atmosphere,  thus  laying  the 
foundation  of  the  construction  of  the  mercurial  barometer.  Pascal,  by 
an  experiment  in  1648  upon  the  Puy  de  D6me,  demonstrated  that  the 
pressure  decreases  with  the  height  above  the  surface  of  the  earth.  A 
partially  inflated  bladder  was  the  simple  instrument  used,  but  the  idea 
has  been   elaborated  in  the  aneroid  barometer.— See  Barometer. 

Augmentation  of  the  Moon's  Horizontal  Semi- 
diameter.— See  Moon. 

AXLrigSL  (L.  **The  Charioteer"). — A  constellation  containing 
five  principal  stars  forming  a  great  irregular  pentagon.  It  is  most 
easily  found  in  connexion  with  Gemini,  its  two  brightest  stars  (a  and 
p)  forming  a  pair  similar  to  Castor  and  Pollux,  and  lying  alongside  of 
Taurus  as  Gemini  does  near  Orion  ;  also,  as  Castor  is  the  upper  star 
of  the  Twins,  so  Capella  is  the  upper  star  of  Auriga.  CapeOa 
(a  Aurigct)  is  a  very  bright  star,  and  can  also  be  distinguished  by 
having  close  to  it  a  long  isosceles  triangle  formed  by  three  small  stan. 
Mag.  1 ;  1896,  R.  A  5h  On,  Dec.  +45*  54'. 

Autumnal  Bquinox  (L.  oiUumnaiiB,  "pertaining  to  the 
autumn '7* — Relatively  to  the  norOlem  hemisphere,  the  Autumn*! 
Equinox  is  that  period  when  thesmi  crosses  from  the  north  to  the 
south  of  the  equinoctial ;  about  giupimtber  23rd.— See  Bquinozas. 


Antonmal  Bquinootlal  Point.  ^KeUtively  to  the  narthm 
"XxiiFriiere,  the  ADtnmniil  Etjuinootial  Point  is  the  poinl  of  int 
"ctia)  of  the  eeliptic  with  the  eqiiinoctinl,  where  the  «un  en 
■^  finrlh   to   the  aoutli   of  the  equinoctiiil.      It  is  more  genera 
all«l    '  77«   FlrKl  Point  0/ r,Arn."-See  HqtllnOCtlal  PointS. 

"Auxiliary    Angle    A."— A  Bubnidiory  imgle.  the   v 
vtiivL  (-AL-itiliilei  the  piticcss  of  "  clearing  the  diataoce  "   in   fi 
IIh  l)H^itui)«  by  lutukT.     Let  li  he  the  true  JisUiuce,  <f  the  uppareii 
he  true  lenith  lUstance  of  the  moon,  m  that  o{  the  oth 
1'  the  apparent  altitude  of  the  moon,  ii' that  of  the  other  b 
Tim  it  may  be  deduced  from  the  equation : 


LcoiA-L.mBi  +  L.«inp+L.8ecm+L.Bec.'~30S0i030 
from  which  eipresBion  the  raluea  of  A  may  be  oomputed  and  formed'! 
inla  *  lalile.     In  Inman,  one  tabic  (Tahla  ic]  gives  "Tlie  Correction 
of  Ihc  Hooa'i  apparent  Altitude  and  the  Auxiliary  Angle  A,"  tha 
•rpmuoita  of  which  are  the  apparent  altitude  of  the  moon  and  lh« 
■inotea  of  her  horixontal  parallax  ;  addition!  being  uiiulo  depondeii(>l 
•a  lh«  MSMiDdB  of  the  horizontal  paralbx  and  the  apparent  altitnd 
D  2 
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of  the  other  body  obeerved.  By  the  use  of  this  table,  together  with 
one  of  yersines,  d  may  be  found  with  much  less  Ubour  than  by  the 
usual  rules  of  spherical  trigonometry. 

Students  frequently  inquire  how  Inman*s  Two  Tables  (the  larger 
one  with  argument  "  App.  Alt.  ^  ",  the  smaller  one  with  argument 
"  App.  Alt.  0  or  O  ")  are  obtained  from  the  expression 

2  CO.  A ''"  V"  "    . 

COS  m  cos  9 

As  we  have  not  seen  the  explanation  in  print  the  following 
investigation  may  be  appreciated.  The  first  of  these  is  due  to  the 
late  Rev.  F.  Da  vies,  m.a.,  formerly  a  Naval  Instructor  in  tho 
Royal  Navy. 

ByformuU      2cosA         «^  «  8^^  r 


cos  m  cos« 


LctA=A'+^,  where  A'  is  determined  by  making-^^BJL  =1. 

coer 

Then2coBA'=-?^B^.        -        .    (i) 

cos  m 

To    determine    0,    if  p',    (f  are  respectively  the  corrections  in 

altitude  for  the  moon  and  the  other  body,  so  that  ^'+^'=90"— x^ 

»'-g'=:90'-v. 

2cos(A-.f<?)=.   cos  (m-|pV  cos  (.--y)    ,        ,     ^^j 

cos  m  cos  « 

Tki    -J-        *"vu      r\       cos   (A'+^)  COS  {fi' -<() 

Diy»d«g(u)by(.)  ^^, ^j^ 

COS  ^  -  tan  A'  sin  ^  =  cos  ^+ tan  s'  sin  9' 
Where  9   and  p'  being  small  angles,  we  may  make  sin  0  =  9» 
Bin  g'  =  g',  and  cos  ^  =1,  cos  g'  =  1  .  *.  ^  tan  A'=  —<{  tan  «*, 

Or  if    we      give    A'  the    approximate    value    of    60*,     9    » 
(f  tan^^  . 


KQDIM>C1*I.  P 


Since  B  is  »lw«yi  aubtraotive,  in  order  to  make  both  corrootioiwi 
addiUve,  34'  is  dedaoted  in  the  krge  table,  nod  ruatured  by  addition 

2,     By  the  DM  of  logoritbmi. 


+  logioo»'  j 


log  cos  (ra'+ jj')  +  logaec™'-log2{  +  j  logcoB(«'— (^ 


The  nuiin  part  of  A  is  determined  by  the  first  bracket.  Coll  this 
A'  M  before.  The  wcond  brocket  chauges  the  value  of  A'  by  lew 
thui  ooe  miDute. 

Let  P  be  the  value  of  j  logcos  (t'-T'j  +  lngHCJt' [  for  a  given 
•Jtitnde.  Abo  let  Q  be  tlie  change  of  log  coa  A  (auppoaed  =  60°)  (or 
«oB  initiale. 


By  the  principle  of  proportional  partatf= 
^  -000219. 


To  m&kc  the  kbore  clear, 

App.  Alt  «  =  in'  =  73- «'  12^ 

y  =         15  42 

ILP.  =         «  55 

I.t  Method,     ooi  A- =  L_!i?_L 

2    oua  m 

L.  <«>8  ir  57'  54"=  9441262 

i,.  wc  7X  42  12  ^lO-.'-SlSllS 

fl  ■«).■}  157 

log  2=^     ■301030 

L  oeiaA'=  8-IJ92127 


60";   and  at  60',  () 
lomple  ia  desirable.     Take 


App.  Alt,  a  =  i"  = 


IT  59* 

—     "  ^3 

log  03"  =  1-068483 

30'  1-  6a"=9'762018 

Suni=  1-730601 

log  ^/3  =  -aSBSfitt 

log  a=  1.491941   I 


I 

I 
I 
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$=  31-  34- 


60  30  26    Tab.A'=60  30  23     Tab^=34"-  31=3* 

Tab.  0=  3l- 

Tab.A'=60  30  26 

2nd  Method.     A'  is  found  as  before. 

For  0.  At  altitude  30**  change  of  logarithms  for  93*,  the  value  of  g, 
is  -000113=?, 

Then  ^  =  -  X  60"=  -  4tI*^'=  "  ^l".*"  ^y  fi"t  Method. 

See  Lunar  Distance,  Clearing  the. 

Axis  (L.  axis,  '*the  axle-tree"). — A  straight  line  of  reference 
with  regard  to  position  and  phenomena.  Thus  we  have  for  defining 
the  position  of  points,  co-ordinate  axes,  and  we  have  the  magnetic 
axis  of  a  bar  of  steel.  The  two  principal  applications  of  the  term 
are  with  reference  to  the  two  cases  respectively  of  symmetry  and 
rotation.  In  a  plane  figure  the  axes  are  straight  lines,  on  both  sides 
of  each  of  which  the  figure  is  symmetrical ;  each  dividing  the  figure 
into  two  parts  in  such  a  manner  that  all  perpendiculars  to  it, 
terminated  by  the  boundary  of  the  figure,  are  bisected  in  the  axis. 
Upon  such  a  line  the  figure  has  no  tendency  to  turn  in  either 
direction,  but  if  made  to  rotate,  it  will  generate  a  solid,  also 
Bynmiettical,  about  the  the  same  axis,  for  in  such  a  solid  all 
perpendiculars  to  the  axis  terminated  by  the  boimdary  of  the  solid  are 
bisected  in  the  axis.  Examples  : — Every  diameter  of  a  circle  is  an 
axis,  and  if  the  circle  be  made  to  rotate  about  any  of  one  of  them, 
a  sphere  will  be  generated  having  that  diameter  as  axis.  An  ellipse 
has  only  two  axes,  the  longest  and  shortest  of  its  diameters,  which 
are  called  the  major  or  minor  axes ;  if  made  to  rotate  about  the 
major  axis,  a  prolate  spheroid  wil  be  generated ;  if  about  the  minor 


iD  oblkto  apberoiiL 
wilb  it  the  idea  of  rotsti 


With  reference 


,  by  its  derivation,  cftrriea 
i  in  this  view  the  followiog  definition' 
a  plane  figure  a  a  straight  line  whi( 
divides  it  into  two  euch  halvea  that  if  each  were  to  rotate  about  thi 
fine  they  would  both  generate  the  same  solid,  and  this  solid  baa 
nme  line  lor  its  axis. 

Axis  of  tJie  Bartb. — That  diameter  upon  whicb  the  earth 
TotAtee  diumally  from  west  to  east.     In  consBqaenee  of  this  rotation 
the  earth  has  asninied  its  present  form — an  oblate  spheroid,  bei 
COmpKaud  at  the  extremities  of  the  axis  (the  polin),  uid  bulging 
Uw  regions  most  remote  from  them  (the  equaU 
to  ite  extremities,  the  axis  is  culled  the  "  Pula- 

Axis  of  the  Heavens  — That  diameter   about    which   tha  f 
celestial  concave  appears  to  I'evolve  diiimally  from  e 
paases  through  the  Dbacrver's  eye,  and  is  parallel  to  tbe  axis  of  the 
c»rlh.  with  which  it  is  generallf  coiiaiilered  coincident. 

Azimuth  (Arabic). ^The  following  articles  are  arranged 
WktDTal.  initead  of  an  alpliabetical,  order. 

Azimuth  of  a  CeleatiGi  Body.— The  aro  of  the  horizon] 
int«nNipt«d  between  the  north  or  south  point  and  the  oircle  of  Mimuth 
jwing  tbiough  the  place  of  the  body.  Or  it  may  be  defined  to  lie : — 
Tbe  angle  at  tbesenitli  contained  between  the  vertical  circle  pausing 
Uirvugh  tbe  elevated  pole  (the  meridioa},  and  the  vertical  circle 
jauning  thiuugh  the  object.  Azlmutli  is  usually  reckoned  from  the 
noTtli  or  aoutb  point  eastward  and  westward  from  0  to  ISO'. 
I  tlie  intersection  of  tbe  horizon  with  that  port  of  tha 
b  U  on  tbe  polar  side  of  the  zenith,  is  taken  as  the  lei 
f  John  F,  W.   Herschel  recommends  Uvo.t, 
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•Igcbraic  symbols  are  used  (b  point  of  Baaentinl  importance) ,  admutii 
shauld  be  always   reckoned  fi-om   the  point   of  the   horizon    mott 
nmo't  from  the  eU.vattd  pole  tefslieanl  (so  as  to  agree  in  genenl 
direction  with  the  appareat  diumol  motions  of  the  stars),  and  iU 

oonaidertng    the  ea*twntd    reckoning    as  negative.      Animmh  and 
altitude  aie  the  horizon  co-ordioates  for  describiog  the  points  of  Ihs 
celettial  concave  relatively  U>  the  position  of  an   obverver  on  tl^^^H 
earth's  surface.      When  a  body  ii  in  the  horizon,  the  element  uied^^^| 

the  aisiitmth  in  this  c&se,     Lislead  of  this  speoial  term,  the  expreM^^^^ 

Azimuth,  Circles  of— Great  circles  of  the  celestial  conM^^^ 

poisiug  through  the  poles  of  the  horizon,  and  so  called  hccaUM  A^^H 
severally  mark  ont  all  points  which  have  the  same  azijiiuth.     ^1^^^| 
are  also  often  caUed   "  rcrtical  Chela,"  or  simply  "  VrrlimU,"^^^ 
posaing  through   the  "  vertex  "  of   the  visible  heavens  ;  or  "  C^^^^l 
<tf  Amuiif..'-  after    the    element  that  is    meoaured.    not  l-y  thoM^H 
hut  upon   them— the  "altitude."        Compare    "Circles    of    Hi^U^H 
Asi-ension."  "  Ctrules  of  Longitude."— See  Co-orcUnates  fOT  tbl^H 
Surface  of  a  Sphere. 

Azimuth  of  a  Terrestlal   Objeot.-The  azinmth  of  an 
objiK.'t  is  the  iLiigle  Ifetweeo   the  meridian  and   the  vei'tical  cirola         i 
passing  through  thu  objtct.     On  a  horizontal  plane,  this  angle  is  tfal^^H 

of  the   compass  on  which  the  object  is  seen.      The  word  .4  amutAl^^H 
therefore,  iu«d  not  only  of  celestial  objects,  but  of  terrestrial  ^B^^H 
jtlm    through  the  more  usual  term  in  lhi«  cos^  is  "  iicari»£f."        ^^H 

Aaimutb,  True. — The  beoriog  of  ui  object  from  the  (rtw 
Borth  or  south  point ;  it  i>  ths  azimuth  fouiiil  by  calculation  Erom  the 
ohMTTcd  oltitade  or  hour  angle  of  the  body,  It  ia  inguneral  ainiply 
aUl«d  "  TKe  AamaUi,"  but  it  ia  qualiBed  as  the  True  Asimuth  to 
diatingniah  it  Erom  the  Cam/iau  and  JItayiietic  Azimuth. 

Azimath.  Oompasa.  — The  bearing  dE  the  object   from  tba 
oompMi  Dorth  or  south  point ;   found  by  direct  observation  with  an 
inBtmment  carrying  a  immnetio  needla.      The  iliiTerence  betwi 
true   aod   compass   ar.iinuth    gives    tbe    corrootion  (varintit 
4«vi»tioii  combined)  of  tbe  compaag. 

Axlmutll.  Ua£Uetlc.  ^A  term  aometimes  used  for  tha 
btkciag  of  an  object  (luiQ  the  compass  north  or  south  point,  found  by 
dlTMt  otHervntiou  uilh  on  instrtiirient  fitted  witli  a  inngiietic  needle, 
not  aflected  by  deviation.  It  ia  distinguished  from  the  True 
.AomotA,  or  Atimnlh  properly  so  called,  and  from  the  Compatt 
Astmnth.  .Sinoe  refmvtioa  and  parallax  talte  place  vertically,  tht>y 
■do  not  afleoC  tbe  observed  magnetic  azimatb  of  a  body.  In  using  the 
aiiinutb  compoai),  the  bearing  of  a  celestial  body  is  most  conveniently 
observed  wlicn  its  altitude  is  low  ;  it  is  also  then  less  affected  by  any 
MTor  tn  the  verlicility  of  the  sight- vanes. 

Asbnntll     fintn  pmig .  —  A     compaaa      Bpeuially      adapted    EoP 


i 
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AiritwiiT.h  Mirror.  ^A  mirror  being  the  internal  surface  of  one  of 
ttie  UvrM  of  a  prism  attached  to  aximnth  compasses,  either  for  rwding 
«i(f  by  reflection  the  grailuation  on  the  card  while  the  object  is  viewed 
(tiraeUy,  or  for  viewing  tbe  object  by  reflcctinn  while  the  gradus' 
<m  the  cord  ia  read  directly. 
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Azimuth  how  found  by  Oaloulation.— The  figure  is  a 

projection  on  the  horizon.     NS  is  the  meridian,  EQW  the  eqaator, 

Z  the  Zenith,  P  the  elevated  pole,  and  X  the 

body.    Draw  the  circle  of  declination  PXD, 

and  the  circle  of  altitude  ZXB.    SZB  is  the 

azimuth,  and  it  can  be  found  by  determining 

the  angle  PZB,  which  is  its  supplement.    In 

the  triangle  PZX,  PX  is  the  polar  distance 

{p=W±d),  PZ  is  the    co-Utitude  c=90"— /), 

ZX  is  the  zenith  distance  fz-^^OT-a),  ZPX  "* 

is  the  hour  angle  (H),  and  PZX  the  supplement  of  the  azimuth  (A'= 

180  -  A).     A'  may  be  computed  when  any  three  of  the  four  parte^ 

(P>  c,  z,  H)  are  given.     The  latitude  of  the  place  and  the  declination. 

of  the  body  being  known,  the  altitude  of  the  body  may  be  observed 

with  a  sextant,  or  its  hour  angle  may  be  deduced  by  noting  the  time  by 

chronometer.     The  problem  of  finding  the  azimuth  from  the  altitude 

is  called  **  The  Altitude  Azimuth  ;  "  finding  it  from  the  hour  angle  ia 

called  •*  The  Time  Azimuth." 

1.     Altitude  -42i7/iM</t."— Here  we  have  three  parts,  c,  p,  «, 


.-.Sin*  41== 
2 


sin  \  (p-^-C'-^z)  sin  ^'(p-c>^g) 
sill  c  sin  z 


or  hav  />^/-N/hav  rp  +  l'^a)h&y  fp-l^a) 

cos  /  COS  a 
The  latter  formula  in  a  logarithmic  form  becomes 

L.hav  A'=L.sec  Z  +  L.8ec  a-20  +  \  h,YiAV  (p  +  l*^a) 

+  |L.hav  ^p  -  l^aj. 
Another  convenient  formula,  and  one  easily  remembered,  ia"^ 

«  A      sin  8  Bin  (8 -pj 
2  emc  sm  z 


^^^^ 

2.    ■■  TV  Time  ^timuM,"— Here  wb  have  given  three  parts,  c,  p.  ff.  ^H 
r«J  Uiing  «  ■ubaidiaiy  angle  *,                                                         ^H 

^fr>  By  the  fonnulK,                                                                            ^^H 

A'=l(A-  +  X}  +  i(A'-X}.            -^                   ^H 

L.tMi  1  lA'  +  X)=L.cot-^+L.eoslCp-cJ  +  I..  aeoUy  +  'V-att^^B 

L.UUI(   1A'-S]  =  L.  eot-|-+L.rin  ifp-eJ-l-L.<:o^i(p  +  cJ-3(t^^^ 

A'-l  (A'+X)  +  i(A'-X)                                       ^H 

Itfthonld  b«  not«dthiit  we  h»ve  to  decide  in1ookiDKonti{A'  +  X>^^| 
a-h«ther  It  ia  in  the  first  or  second  qiiadr<iut.  The  required  ^^| 
nlna  wiU  of  coane  be  in  the  eaine  quadmnt  Bai(p-t-  c).                         ^H 

(ti  By  fint  finding  the  third  «d«  z,  and  then  from  tlie  tliree  lides-^H 
ddemuniitg  the  uigle  A'.                                                                               ^H 

In  thia  prooeu  U  the  vermue  method  ia  employed  aSX  ambiguity  i&  ^^H 
aroiiled.                                                                                                ^H 

Oompaae,  Oorreotdons.                                                            ^H 
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Azimuth,  the  Altitude.— "The  Altitade  Azimuth  "is  the 
problem  of  computing  the  azimuth  of  a  heavenly  body  by  an 
observation  of  its  alHlude,  having  also  given  its  declination  and  the 
latitude  of  the  place  of  observation;  as  in  the  case  of  Amplitude, 
this  method  of  finding  compass  error  should  be  avoided  in  high 
latitudes,  since  the  altitude  alters  very  slowly.  In  such  cases  the 
**  Time  Azimuth  "  method  should  be  prefined. — See  Assimuth,  llOW 

found  by  Oalculation.  (l). 

Azimuth,  the  Time.—"  The  Time  Azimuth  "  is  the  problem 
■of  computing  the  azimuth  of  a  heavenly  body  (the  sun  being  usually 
chosen)  from  noting  by  chronometer  its  hour  angle,  having  also  given 
its  declination  and  the  latitude  of  the  place  of  observation.  Time 
azimuths  are  the  more  generally  useful  than  altitude  azimuths  as  they 
•<^n  be  observed  when  a  ship  is  in  port,  or  when  any  cause  prevents 
tlie  horizon  being  defined.  The  process,  given  above,  of  solving 
the  spherical  triangle  is  tedious,  and  it  is  practically  superseded  by 
Tables  or  Graphic  Methods,  which  give  the  results  within  half  a 

degree,  or  less.— See  Azimuth,  how  found  by  Oaloulation(2). 
Azimuth  (True)  of  a  Terrestrial  Object,  how  found.— 

<1)  By  "Astronomical  Bearing.  "—The  true  bearing  of  a  terrestrial 

-object  may  l)e  determined  by  means  of  the 

difference  of  hearing  between  it  and  a  celestial 

body,   the  true  azimuth  of  the  latter  being 

easily  computed  or  taken  from  the  Azimuth 

Tables.     Let  us  suppose  that  the  altitudes  of 

the  object  and  of  a  given  heavenly  body  have 

haGD  observed,  and  that  the  distance  between 


liie  object  Hid  ihe  tjoily  liB>  been  metu>ur4>d  by  s  KXlxiit.  Lnt  d  be 
Uie  diaUnce  ol  the  body  and  object,  a  and  a'  thair  reapectiva 
klLitudes.  uid  B  their  ditference  of  liearing — then 


Hnv  B^ 


^  ^av   fJ  +  '!-a';  hav  tI;-«-ll^) 


.-.   L.hftv  B  =  L.Bec  a  +  L.wco'-20  +  l  L!mv(rf  +  a-  «') 

Knoiruig  then  the  trae  hearing  of  tbs  body  and  tlie  difTereuci 
between  ita  beariog  and  that  of  the  object,  tli«  true  bearing  of  ttie- 
Utter  i*  eaaOy  detenuined. 

If,  M  often  happeiu,  the  object  is  in  the  horinou,  the  angle  B  is 
Upl  mom  Bimply  deCennined  by  tlie  Bolution  of  a.  quadrantal  triangle. 

12)  By  "Geographical  Powlion."— The  true  liearing  oraiimalh 
ol  a  t«rraitriBl  object,  aa  e,  monntain  at  a  conaiderable  diaUnce,  may 
be  determined  from  ita  geographical  position  and  that  of  the 
■poctAtor.  The  true  aximiitb  ia  the  aame  ai  the  eoume  on  the  great 
tirxU  from  the  apectator  to  the  object,  and  thia  may  be  found  by  the 
t»iul  role. 

The  true  bearing  bo  obtained  will  be  somewhat  different  from 
what  i*  otualty  apoben  of  aomewhat  loosely  oa  the  "  true  beoring  " 
whlub  is  limply  the  cuurae  upon  the  ibmub  curve  to  the  given  point, 
^nM  Uercatorial  Bearing. 

Azimuth  Diagram,  Oodfi^y's.— A  diagram  by  meana  ol 
which  the  true  azimuth  can  be  rapidly  and  simply  obtained  withonfc 
calculation,  the  data  being  the  UiU'iide,  the  urinV  lUdinalimi,  and  the 
apparrgt  time.  It  la  engraved  by  the  Hydrogrnphic  Oflice,  Admiralty. 
The  icnlo  on  which  it  ia  conatrticted  gives  the  result  to  withi 
eighth  of  a  degree.     A  full  explanalioit  lu^coniptiniea  the  dia^^rtu: 


I 


I 


M 


1^^^^" 

Azimuth  Tables. -TLe  two  followi..g  works  will  Iw  found 
moat  useful  to  the  practical  navigator. 

of  four  minuteii,  between  the  parallel,  of  SO'  N.  ond  30'  S.   inclmive, 
with   Variation  Chart ;   atao  Instructions  for   using   the  Table«   in 
Danish.   Dutch,  French,  riennun.   Italiui,  Portuguese,  Huwian,  and 
Spuaiih.       By   Captain  John   B.    Itavia.   R.N..   F.R.C..S..    of    the 

F.B.A.S.,  Nautical  Almanac  Office.     I'rioe  I0«  dd. 

2.  Suu'b  True  Bearing  or  Azimuth  Tableii.  computed  tor  int«rv«l« 
of  four  miuutes,     between   the  parallels  of  latitude   30°    and    60* 

Auistant  in  the  H^drographic  L>epartnient,  Admiralty.    Price  4«  6d. 

defining   points  ot  tlie  cclcBtinl  conca\-e  in  its  diurnal  tevolutioo, 
relatively  to  the   position   of  an   observer  on   the  earth's  surface. 
Azimuth  is  measured  on  the  horieon  from  the  north  or  south  point 
(that  most  remote  from  the  elevated  pole)  westward  through  360°,  or 
■westward  and  eastward  from  0  to  180" ;   ollitude  U  meosiired  on  the 
the  secondaries  of  the  horizon  (which  are  hence  called  "  Circles  of 
Altitude")  positively  to  the  zenith,  and  negatively  to  the  nadir. — 
Co-ordinates  for  the  Celeatlal  Sphere. 

Azimuth  and  Altitude  Instrument.— An  instrument  for 

on  shore,  as  in  marine  suneying,  the  form  most  generally  used  being 
that  called  the  Throdolile.     We  shall  here  only  mention  tie  general 

which  the  observations  ore  made,  is  capable  of  motion  in  two  pI^^H 

■t  right  anj;les  to  each  other,  auJ  the  amount  of  its  angiiliir  motioa  ■ 
ID  cttdi  >■  measured  on  two  circles,   co-ordinate  to  each  other,  whose   1 
iJonai  are  parallel  to  thoae  in  which  the  teleecnpo  moves.     In  the 
aiimnth  and  altitude  inBtnimeiit  one  of  theae  planes  is  horizontal, 
tiie  other  irertical.      Thi 

Azimuth,  Uotlon  in- 

len  it  is  turned  on  a  vertii;al  axis  ;   in  contradistinctioa,  j 

move   "111  altitude  "  when  it  ia  turned  on  a  horizoutHil 
:iinatii  nnd  Hltitude  inBtruoient  admits  of  both  motions. 


b  —Among  the  letters  used  in  the  log-book  t 

orepBftTthc 

Ibo  msther,    b    daaoies  Blut  Shj,  whether 

with   clear   ( 

"BOOklllg"  of  the  Wind. — The  wind  is  said  to"back" 
when  it  appears  to  shift  against    the  sun's  course.      It  in  a  sign  of    I 
more  wind  or  bad  weather. 

BaOk-etaff.^A  form  of  the  qnadnmt  for  taking  the  altitude  of 
the  lUii  at  seu,  in  use  before  the  invention  of  reflecting  inatrumentH. 
ll  was  the  contrivance  of  Captain  John  Davis,  about  1590,  and  woa 
<*U«d  after  him,  "  Da)iii'»  Qaatiranl,"  but  was  known  to  the  French 
as  the  ••  Eiifflith  Quadrant."  It  uonsiatod  of  two  concentric  arcs, 
tmrrjiag  at  their  common  centre  the  horizon-vane  ;  the  arc  of  largel 
ndins  wm  of  25'  or  30°.  and  carried  the  sight-vane.  Fixed  to  tlie 
upper  radius  of  this  woa  on  arc  of  smaller  radius  and  of  6S°  or  6(r, 
<^tTyiDg  the  ihodoW'Vane.  The  two  arcs  together  subtended  on 
Mt^IeorW;  hence  the  instrument  was  a  Quadrant.  When  taking 
on  oltitnd*,  the  obierver  stood  with  his  bock  to  the  sun,  and  marked. 
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throagh  the  sight- vane  on  the  30*  arc,  the  coincidence  of  the  shadow 
of  the  vane  on  the  60"  arc  turned  towards  the  sun,  with  the  Tane 
pointed  to  the  horizon.    Hence  the  name  "  Back-aiajf" 


Barometer  (Gk.  /Sdpot,  "weight,"  "pressure;"  lurptb^  "to- 
measure  "). — An  instrument  for  measuring  the  weight  or  pressure  of 
the  air.  It  indicates  whether  that  pressure  is  becoming  greater  or 
less,  or  remaining  stationary  [Atxnosplierio  Pressure].  The 
word  "  weight "  is  rather  misleading.  Strictly  speaking,  the 
barometer  measures  the  elastic  force  of  the  atmosphere ;  with  wei^t 
or  density  it  is  concerned  only  as  they  are  functions  of  elastic  force. . 
There  are  two  kinds  of  barometers. 


u 


1.    The  Fluid  Barometer.— The  discovery  of 
the  fluid  barometer  was  the    result    of   a    question  Fig.  1. 

proposed  by  the  pumpmakers  to  Gkdileo — **  How  is  it 
that  water  will  not  rise  in  the  pipe  of  the  pump 
(exhausted  of  air)  more  than  about  32  feet?  "  Qalileo's 
pupil,  Torricelli,  drew  practical  conclusions  from  the 
fact  that  this  32  feet  is  the  height  of  a  colunm  of  water 
which  counterpoises  the  weight  of  the  atmosphere.  If 
this  were  so,  he  reasoned  that  a  shorter  colunm  of 
a  heavier  fluid  would  suffice,  and  experimentalized 
with  mercury.  He  filled  a  tube  about  36  inches  long, 
and  open  at  one  end  only,  with  mercury,  and,  stopping 
the  open  end  with  his  finger,  inverted  the  tube  in  an 


F- 


open  tmmbI  of  ilio  fninc  IliiiJ.      On  removing  the  dngev.       Fi({.  2. 
Iba   meroory  ta    tlie    tul«    soiit    to  nboui    28  iuchea  ^ 

highor  tlian  thai  in  tlie  rswrvuir.  Tliis  vraa  the 
first  mercutiiil  Ummelcr ;  date  1645.  Of  the  different 
famu  ul  Uic  Mercurial  Suiomrltr  we  shftll  only  riutiuu 
time:—  1.  Tlie  .Vi^Aou  Saromeler,  i»Ue<l  so  fruiu  ita 
«lM|iB(Fig  I).  A  l-enl  jjlsiu  tube  ABC,  closed  &t  one 
•Hd,  luu  lU  longer  leg  AB  filled  with  niercai^,  and  is 
Unm  placed  iu  a  verticul  pddtion.  The  mercniy  will 
dtMBod  in  AD,  nnd  riRc  in  BC,  leaving  a  vauuiun  a)>ove 
111  •vrfooe  In  AB.  Let  H  and  F  Ixi  the  upper  and 
Ipver  anTfacu*  of  the  ineraury  in  the  two  brunchea ;  " 

■Inw  tliTfiugli  F  tlie  horixontal  line  EF,  Tlien  (be  presjiiires  nf  the 
portlolu  «f  tn«M:ury  in  the  parta  UK,  BF  balancing  one  luintlier, 
EH  is  tlia  column  whoae  pressiiru  ODiinterpoisea  the  pressure, 
of  the  4tm<i«phcTi),  tnd  ita  varying  height  indiuatns  cbongca 
)■  tlwt  jvoBuraL  2.  The  Cnwi.ni.ii  or  CWmi  Buromrler  (Fig.  2).. 
TUa  Bnaijata  of  ■  vurtlciLl  closed  liilw  AB  leitdiiig  into  on  open 
•nmA,  Br,  and  mscaleoriiiahcanttaciied  to  AB.  ThJ6  ii^nle  Iwing. 
fxed.  Uie  height  oE  ihe  raercurinl  column  indicated  ia  Ihe  heighb 
ttburt  a  Gioil  hori/oatal  plane  (O)  not  abovu  the  level  tE|  of  tha' 
mBTculy  in  ItC,  wliicli  ia  variable.  Hence  the  height  roai  off  will  b« 
in  error  i  but  thia  vrror  ia  rendered  siriall  by  the  area  of  the  crservoiF 
BC  Imng  much  greattr  than  of  the  tube  AB.  Tlie  eiroi-  iimy  b« 
oi^ly  caJcolated.  3.  The  MaTiaa  Bamvulir,  tint  cnnstiiii:l^t  \>y 
M.  Paaatrment  in  ITSI.  In  iJiis  instrument  the  diainel 
reaarvoir  i*  about  \\  indies,  and  thnt  of  the  tnhe  abo 
rbc  acale.   inatend  of  being  divided  exactly  into  inches, 


ithnp 
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inch  for  every  inch,  which  obviates  the  necessity  of  applying  the 
error  above  noticed.  But  the  distinctive  feature  of  the  marine 
barometer  is  the  contrivance  for  guarding  against  the  effects  of  the 
motion  of  the  ship — the  ''pumping"  of  the  mercury.  The  tube  is 
contracted  to  a  very  small  bore  through  a  few  inches.  When  first 
suspende<l,  the  mercury  is  in  consequence  as  much  as  twenty  minutes 
in  falling  from  the  top  of  the  tube  to  its  proper  level.  This 
contraction  of  the  tube  causes  the  marine  barometer,  when  used  on 
shore,  to  be  a  little  behind  the  common  barometer,  to  an  amount 
varying  according  to  the  rate  the  mercury  is  rising  or  falling,  being  at 
times  *0*2  of  an  inch. 

11.  The  Aneroid  Barometer. — in  the  aneroid  barometer  (the 
invention  of  M.  Vidi,  of  Paris),  the  varying  pressure  of  the 
atmosphere  is  indicated,  not  by  the  varying  height  of  a  column  of 
fluid,  but  by  the  compression  and  expansion  of  a  small  metal  vessel 
from  wliicli  nearly  all  the  air  has  been  exhausted,  and  which  is  kept 
from  collapsing  by  a  spring.  Hence  the  name  (Gk.  d,  "without  ;** 
vrjpo^,  "  fluid  *').  The  external  appe]i.rance  of  this  instrument  is  that 
of  a  circular  brass  box,  having  a  dial  face,  the  graduations  of  which 
are  pointed  out  by  a  finger.  This  finger  is  moved  by  machinery 
attached  to  the  elastic  nearly  exhausted  vessel  within.  At  the  back 
of  the  instrument  is  a  screw,  for  the  purpose  of  adjusting  its 
indications  by  reference  to  the  mercurial  barometer.  The  aneroid 
re<|uires  to  be  thus  originally  set,  and  should  be  thus  adjusted  from 
time  to  time.  This  instrument  possesses  the  advantages  of  being  very 
susceptible  and  portable,  and  is  a  most  convenient  "  weather- wiser  ** 
for  ship  use.  It  is  also  a  convenient  instrument  for  roughly 
estiDiating  the  heights  of  mountains. 


DABOMKTEB.  Gl    I 

Ttie  [irincipul  ua«  oE  the  buroiutter,  esptH^iiLlly  to  the  nnvi 
ihkt,  oaniliiiiGil  with  a  Ihermoineter  and  hygrometer,  it  forms  a 
iMalAri'*<j'<l>u.  Tlie  b&rometer  iiulicatca  the  changes  in  pressure,  the 
Ihcrmouiater  the  cliiuigea  in  temperature,  and  the  hygrometer  the 
Uie  changes  in  moiatnre.  Combined,  tbey  give  the  state  of  the  air, 
kDd  thi*  forcttlU  coming  weather.  We  bHhII  here  eimpiy  s 
(ucnmstaiice*  which  affect  the  baromotor— (1)  The  direction  of  the 
<riti<]  ;  a  uortherly  wind  in  north  latitudo.  and  a,  southerly  ii 
Knit]l  Ulitiides,  tending  to  raUe  it  most,  and  the  opposite  wind  ii 
«»cb  COM  to  lower  it  most ;  (2)  The  moisture  of  the  wind— n.oisturi 
mud  •  l»lUng  barometer  ire  connected  ;  (3)  The  force  of  tJie  wind- 
the  greater  the  force  the  greater  the  fall  ;  (4)  Eleolricily— eHeota 
imoerLkiu.  — See  Weather-OlaBS. 

Beam.— The  beams  of  a  ship  are  the  strong  transverse  timbers 
wliicii  «tr«t«h  across  from  one  side  to  the  other,  supporting  the  decks 
tad  retaining  the  sides  at  their  proper  distances.      The  greatest  is 
okllMl  the  tnid-thip  tttaia ;     and   the  beam  of  a  ship  is    the   I 
I  to  describe  her  width. 


Altraia  la  in  a  direction  drawn  amidshipB  at  right  angles 
fced,  on  thit  wrathir  or  Ue  beam  according  to  the  direction  of  the 
winJ.  B^/ort  tkt  btam  is  any  position  of  on  object  forward  of  the 
liM  •bsotn.      Atajt  llie  beam  is  any  position   of  on  object  oft    of 

Beartng. —The  bearing 'it  on  object  or  place  is  in  general  tbeongle 
oentained  between  the  meridian  and  the  Tertical  plane  through  the 
object 

Bearing.  Compaas.— The  bearing  of  on  object  as  observed  l>y 
.    It  is  the  angle  between  the  needle  ot  1,\ie  »\»t&U& 
t   2 


I 
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compass  on  board  the  ship  of  the  observer  and  the  direction  of  the 
object ;  it  is  therefore  affected  by  the  deviation  and  variation  of  the 
compass.  If  the  correction  for  deviation  be  applied,  the  MofnUie 
Bearing  is  obtained  ;  and  if,  further,  the  correction  for  variation  be 
applied,  the  l^rue  Bearing  or  Azimuth  is  deduced. 

Bearing^,  Magrn^tic  —The  Magnetic  Bearing,  or  as  sometinieB 

designated  the  '  *  Correct  Magnetic  Bearing  "  of  an  object  is  the  angle 
which  its  direction  makes  with  magnetic  meridian.  This  is  the 
bearmg  which  is  observed  with  the  azimuth  compass  after  being 
corrected  for  local  deviation  ;  from  it  the  True  Bearing  is  dednoed 
by  applying  the  correction  for  variation. 

Bearing^,  True.— The  true  bearing  of  an  object,  or  the 
**  Bearing  *'  properly  so  called,  is  the  angle  which  the  direction  of  the 
object  makes  with  the  meridian.  It  is  thus  qualified  to  diatingoiah 
it  from  the  Compass  and  Magnetic  Bearings. — See  AssiniUtll. 

Bearings,  Astronomical.— The  process  of  finding  the  true 

bearing  of  a  terrestj'ial  object,  by  referring  it  to  some  celestial  body 
whose  azimuth  is  known,  is  described  as  the  method  of  "  Astronomical 
Bearings,"  which  see. 

Bearing,  Geographical.— The  method  of  determining  the 
true  bearing  of  a  terrestrial  object,  (as  a  mountain  at  a  conaiderable 
distance)  from  its  known  geographical  position  and  that  of  the 
spectator.  The  problem  is  the  same  as  finding  the  course  on  Uie 
great  circle. 

Bearing  MercatoriaL— The  term  bearing  ia  often  naed  to 

denote  the  rhumb  course  to  a  given  place,  that  ia,  the  angle  betireen 

ihe  meridian  and  the  rhumb  line  passing  through  th«  place.     Thui 


the  beariug  of  a  terreHtrinl  □bJL'Ct  ae  taken  from  the  Cliart  will  differ 
from  that  found  from  refereiHW  la  a  celeitiul  body,  and  desuribed 
M  ibe  jUlronomical  Bearing. 

Bearing,    taking    a.~Tftking    a  bearing  of    ail    object 
technically  called  "  setting  "  tlie  object. 

Bearing  Plate.— Bearinj^  should  alvrays  be  Ukeo  oo  board 

■hip   wlieii  pusaible  by  the  Standard  Azinkuth  Compaq.      Sonietime* 

bowerer  the  all. round  view  frutn   the  compass  is  interfered  with  by 

fitUngi  la  the  ship,  or  tho  cuiupats  may  be  below  aa  in  Second  Clow 

Torpedo  boata.      In  sucb  Loaea  the  simple   instrument    commonlj 

knoim  in  the  Service  at  a  Bearing  Plate  is  o(  great  assistaace.      Its 

;    BMfnliiil  Feature  is  a  card  U>  all  appearance  the  same  as  that  of  the 

I,  but  without  magDetic  needles  of  any  sort.      Thia  ia  hung 

d  balanced  preoisely  like  tlie  card  of  the  coinpasa,  ho  as  to  retain  a 

I  hariionta]  position,  and  fumiahed  with  azimuth  vanes,  and  is  adjuated 

'    with  itn  liiblier's  point  exai.'tly  parallel  to  tho  fore-and-aft  line  of 

I    th«  rnoel.      Not  being  magnetic  the  instrument  ia  unaffected  by  tha 

I   in  tho  vcHsel,  and  nmy  lie  placed  in  a  convenient  position  in  any 

put    where  the     obaairvalion    of   the    bearing   of   the   object  is    not 

iBtartered  willi.       The  dei;ree  on  the  Beariujj  Plate  indicated  by  its 

bbber's  point  should  corro9|iond  to  the  compass  course  of  the  veas«l 

M  ahgwii  by  the  StaudarJ  compass  or  otlier  compass  used.      When 

I  the  atiip'*  head  U  exactly  on  thu  course,  an  aisiatant  observer 

■■  calls  "  Stop,"  anil  the  observer  at  the  pUte  notes  the 
;  of  tlie  object  at  the  same  instant.  The  following  is  tlw 
JsTriplJoD  of  ■  linple  form  of  bearing  plate  from  the  Elt^nentary 
Maaual/or  llu  DeviaOon  •//the  Campai*  in  f ron  Shi/ii,  lS9fi. 

"A   eircolar  plat«  of  braai  with  a  raised  ring  of  four  to  «ight 
«  diameter,  opon  whiclitlie  lubber  point  itmftrkeil.'u 
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on  gimbala,  and  weighted  so  as  to  remain  horizontal  when  the  ship 
rolls.  The  gimbal  ring  is  mounted  on  brass  supports  fixed  in  a 
square  box,  which  can  be  placed  on  a  fixed  pillar  or  in  any  required 
position.  The  space  included  by  the  raised  ring  is  fitted  with  a 
brass  plate  marked  as  a  compass  in  points  and  degrees,  and  movable 
round  the  fixed  centre  pin  of  the  brass  plate.  Outside  the.  raised 
ring  is  a  movable  circle  carrying  the  sight  vanes  as  in  an  ordinary 
azimuth  compass,  with  a  pointer  for  reading  off  the  bearing.' 


»» 


See  0omi>a88-0ard  Dumb ;  Peloms. 

Bearin£^,  Cross. — '*  Cross  Bearings  *'  are  the  bearings  of  two 
or  more  objects  taken  from  the  same  place,  and  therefore  intersecting 
or  "crossing"  each  other  at  the  station  of  the  observer.  When 
near  a  coast  where  the  landmarks  are  well  laid  down  on  the  chart, 
cross  bearings  give  the  position  with  ease  and  aocuracy. 

Bearin£^,  Reciprocal. — The  bearings  of  two  compasses  each 
taken  from  the  other. — See  STVing^g^  the  Ship. 

Bearing^,  Line  of. — If  a  ship  is  in  the  vicinity  of  land,  one 
**  Circle  of  E</ual  AUitudz"  is  often  of  great  use  to  the  navigator 
who  is  uncertain  of  his  exact  position.  He  is  on  some  point  of  this 
circle,  but  where  he  does  not  know.  Let  him  project  it  on  his  chart 
and  produce  the  resulting  line  till  it  meets  or  passes  near  the  land. 
Such  a  line  is  called  a  *'Line  of  Bearing."  If  the  line  strike  any 
prominent  mark  or  light,  the  bearing  of  this  is  known,  and  by 
sailing  along  the  line  of  bearing  till  the  object  is  sighted,  the  exact 
position  of  the  ship  may  be  picked  up.  The  line  of  bearing  may 
cross  the  range  of  a  lighthouse,  and  consequently  when  the  light  is 
£ivi  sighted,    the  exact  position  of  the  ship  is  known.      Or  the 


E00TB8.  T<5    ' 

pMltiMi  otitonlheliiieof  l>eat'iugniay  befoandby  srtiuidingB.     When  4 
the  most  treoda  parallel  to  the  luic  of  bearing,  the  dtslnnce  of  Lhe 
thip  From  the  shore  is  ii]dii:ateil.  though  her  abHolut«  positiou   is 
aiK«rMiD.    See  Sumner's  Method. 

BeltatriZ  (L  "  wiirlikc").-nie  name  for  the  brijfht  sUr  y 
OWonii.— Se«  Orion. 

BetelgXtese  or  Betelgeux.— Tlie  name  for  tlie  brigiit  > 
Oritnii  —See  OrlOD. 

Binnacle  (formerly  BlUacle,  from  liitta).  The  turre 
ooT«r  to  the  compua  on  deck  ;  it  is  glazed  and  (urniBlied  with  suitable  I 
Iwnp*.  Tlie  "  Binuacle  Coinpami  "  is  often  tbe  name  used  for  tb*  'I 
iMRpaM  pUceii  in  a  douunandiug  poaition,  at  which  tbe  pilot  s: 
to  "  cou  '■  Uio  vessel,  tii  eontradistinclioii  to  the  "  steering  compass, **  I 
which  is  aituateil  before  the  belmiutian.  There  is,  however 
tibmacle- cover  for  all  tbe  coinpaasea. 

Blaeextile  tL.  6u,  ••  tm:e ;" intiu,  "siith").— "iru/i  Tte 
In  tJie  Julian  calendar  every  fourth  year  consiate' I  o(3CG  days,  Instead  I 
c4  3G5.  The  additional  day  naa  interualated  orinseneU  after  thaj 
21th  of  February,  which  in  tlie  Roman  calendar  was  reckoned  tiM  J 
acste  Cairtvliu  Martii,  "  the  sixth  day  before  the  Calenda  of  March  ; ' 
ev«i7  fourth  year  thia  day  waa  repeated  as  the  bUin.lo  CahiutawX 
Mafia,  the  added  day  being  called  tbe  baeextun  ditt.  The  your  wa*  1 
Imbix  named  BitfriiUi. 

Bootee  jGk.  (Sm^t,  "a  ploughman  ").— The  name,  as  an 
M  the  Uomeria  age,  of  the  conetellation  following  the  Creut  Bear,  i 
wUch,  it  u  probable,  was  originally  figured  aa  an  ox  or  wa, 
Bu6t«a  IB  also  called  Arelophi/lax,  "  the  Dear  watcher  i "  and  the  on* 
Wigbt  star  in  the  group,  a  BoOtU,  is  named  ArcUi-mit,  which  baa  * 
sinOar  meaning,  "  the  Bear- Keeper.''      a  BoHlin  can  easily  l)e  founi  1 
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by  v.vii;inuixi^  the  ctirre  formMi  by  the  three  stars  of  the  Bear's  ail 
to  .\K>ut  tvic«  it«  length.  It  »  i^oe  of  the  stars  ohserred  to  have  a 
proper  motion.     Ma^.  X  A  15^96  0\» ;  R  A  14b  Urn.  Dec  + 19**  4t. 

Borda*S  Circle. —A  nepfaslng  reflecting  circle,  constructed  by 
tlie  emineai  Krencli  s'^irveyor  Jean  Charles  Borda  (died  1792)  • 
l>«>r\i;i  iatrvxiuced  into  the  French  naval  surveys  the  use  oi 
rc:!tv:in^  instruments,  instead  of  determining  positions  by  compass 
Warinjrs.  He  iniprovevi  upon  Mayer's  Reflecting  Circle,  and  invented 
the  **  principle  of  re^x^ition."  Theoretically  this  method  of  observing 
reduces  the  effect  of  ern>rs  of  graduation  of  the  instrument  to  any 
extent,  but  there  is  some  practical  obstacle  to  any  satisfactory 
realization  of  this  result  — See  under  CirclB. 

Box*e  la  word  imitative  of  the  sound  produced,  like  the  Anglo* 
Saxon  To  f>ore.  Compare  the  other  names  for  the  phenomenon — 
French.  Bat'rf ;  Brazilian,  Poninica  :  English,  Eagre  or  Hygre ; 
Dutch.  A'jtj^r.  Sometimes  the  wonl  is  written  Boar  or  Boards  Hear, 
and  then  an  analogy  to  the  rushing  career  of  that  animal  is  suggested.) 
— The  form  the  tide-Ma vc  assumes  at  spring-tides  in  certain  estuaries 
and  rivers.  As  the  tide  enters  and  advances  the  wave  acquires  a 
considerable  ele^-ation,  with  an  abrupt,  broken  face,  and  rushes  up 
violently  against  the  current  with  a  hollow  and  harsh  roar.  Among 
other  places  the  phenomenon  is  seen  in  the  Severn,  the  Garonne,  and 
the  liay  of  Fundy.  In  some  of  the  ri\*ers  of  Brazil  this  tide-wav# 
rines  to  the  height  of  from  12  to  16  feet,  and  in  the  Hooghly  it  travels 
at  the  rate  of  above  17  miles  an  hour.  The  conditions  necessary  for 
the  formation  of  the  bore  are  : — First,  a  very  large  tide  rising  with 
great  rapidity  ;  and  secondly,  that  the  river  be  bordered  with  a 
great  extent  of  flat  sands  near  the  level  of  low  water,  the  channel 
contracting  gradually  from  an  estuary.       Attention  to  the  bore  in 
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diflerent  places  ia  of  greal  iinporMucii  Co  tli 
ihipa  uid  in  bo&t  datiet.      TIi-.'.h  no  boat  ven 
etuuiaBls  lietnccD  th«  Utauds  at  the  mouth  of  the  Brahinapoutra 
cpring-tide  ;  in  the  Hooghlj-,  al  Calcutta,  the  bore  ruDning  along 
bank  only,  on  its  approach  tlie  antaller  shipping  are  re[iinvei1  to  the 
other  side,  or  ride  it  out  in  mid.slrcnm ;  and  iu  some  ot  Uie  ri 
Bnual  the  barges,  at  the  npring-tidei,  are  always  moored  in  iteep 
watfi',  il  beiD^  noticed  that  the  boi-e  is  only  daniteroiu  on  Ilie  ahonla. 

Breakers. —Wavefl  wlioae  crcaCB  are  broken,  Thej  are  ai 
the  ugni  o(  the  near  approach  l«  land.  The-depth  otwnter,  however, 
at  which  tliey  appear  is  uucerlaio,  and  it  is  often  difHoutt  t 
dutingiiiih  b«twe«n  break  erg  and  "  topping  aeas. " 

Boxitl£  tbe  Cotnpoas — Repeating  the  points  of  the  cuinprtu  | 

Boye-BaUot  Law.— Tbe  luw  of  wind  roUtion  m  extended  by  I 
Bajn-BiUlot.     tt  is  ai  follows  i— If  there  be  a  difference  Itetween  the- 1 
butnuiric  readings  at  any  two  stations,  Ibe  wind  will  blow  itt  right-  1 
angle*  to  tbe  line  joining  them  ;  tbe  ob»erver  with  hia  liack  Ui  the 
wind  will  have  the  pUce  where  the  reading  is  lowest  on  his  Mt-hand 
1    liA*  in  the  narlhern  hemisphere,  but  on  hia  right-liand  side  in  I 
•otitliem  hemisphere, 

C. 

O- — Among  the  letters  used  in  the  log-book  to  register  the  stati 
Uta  WMitliar,  c  denotes  *•  cloudy  "—i.r.  detached  opening  clouds. 

Oftble. — AsameaBaronsed  in  mariDcsurvayingaeulileisane-teiit.h 
«f  a   nantleal  mile,  which  is  estimate    roundly  at  0000  feet.     Thua,  IrJ 
(■UasIOO  f»lhonis=iGOa  feet 
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Calendar  (L.  Cu^ii(^<ti-iu»i,  Calrada,  the  fint  Jay  of  «Mb 
montli,  from  calilrt,  "  la  Call,"  "sumjnon ").— Tbe  reyultttion, 
arraDgeinent,  and  register  of  civil  time.  Tlie  ancient  Roman 
caIeu<Jar  U  the  original  of  those  used  throughout  Europe.  Th« 
natural  unit  for  shorter  dumtiimH  aJapted  to  the  immeiliale  wants 
and  ordinary  occupations  of  man  is  tht  tolar  day,  or  period  of  the 
son's  suocessive  arrivnis  at  a  given  meridiAD.  It  varies  in  lenglb 
during  the  course  of  a  year,  but  the  variation  in  socially  unimportant, 
and  the  tacit  adoption  of  it«  mean  value  from  the  earliest  agea  oioae 
probably  from  ignoroDce  that  audi  fluctuation  existed.  Tliis  nxiia 
rolar  or  civil  day  is  divided  into  24  hours.  The  unit  fur  longer 
durations  again  is  naturally  the  period  in  whicli  recur  the  seasons  on 
which  depends  all  the  vital  business  of  life.  It  is  the  interval  betweon 
two  suceeasive  arrivals  of  the  suu  at  the  vernal  equinox,  oni!  is  called 
the  tropiral  year.  Tliis  period  varies  slightly,  and  is  iucommensurale 
nith  the  lesser  unit,  its  length  being  about  36Sil  5i>  5S"i  59*7*  Now 
if  the  Olid  houi-B,  minitles,  etc.,  weru  lo  be  neglected,  and  the  rirU 
ytar  made  to  coiisiat  of  36&<l,  the  seasons  wonld  soca  ceaw  Va 
correspond  to  the  same  montlia,  and  would  run  the  round  of  th« 
whole  year  ;  this  odd  time  mast  therefore  be  taken  account  of.  Bat 
then,  again,  it  would  be  very  inconvenient  to  have  the  same  dsij 
belonging  to  two  different  years.  To  obviatti  this  difficulty,  »  very 
B  was  inaugurated  by  Julius  Ciesar  by  the  advice  of 
r  Sosigcnes.  Ho  introduced  a  system  of  two  artificial 
years,  one  of  365  and  ihe  other  of  300  integer  ilays  ;  three  consocutive 
years  consisting  of  3115,  and  then  a  foiirlh  year  of  306  days.  The  odd 
months  each  consisted  of  31  days,  and  the  even  months  oE  30  days, 
except  February,  which  had  only  20  days  ;  on  every  fourth  year 
Febn'Ory  also  liad  the  regular  30.     This  simple  arrsjigement  wa4 


•con  dialnrbcid,  In  flattery  to  Auguatus,  by  Msigning  the  same  Diunber 
ot  d>yi  lo  Die  niunUi  Dauied  after  bim  aa  waa  coutaiiicd  ill  thftt 
Dundlkher  Julius  Cieuir,  The  longer  yean  were  called  "  bissextile 
or  ,*' leap-years,"  and  tlie  surplus  days  formed  of  Uie  (iii:uauiulat«d 
frkction*  and  thrown  into  the  teckooing  were  called  ' '  intercalary  " 
or  "le>tp-daya."  This  calendar  made  the  average  length  of  civil 
yean  3ti5<l  6H,  which  wan  oidy  a  rtiugh  approximation  to  the  truth, 
Mill  the  error  svon  aL-cumuiatod  to  a  whole  day.  A  rcfonuation  was 
cfffNrted  by  Pope  Gregory  XIU.  io  1582,  He  suppressed  10  days  of 
Jie  calendar,  thus  vestoring  the  veiiial  equinox  to  the 'JIat  Maruh, 
the  day  on  which  ii  fell  at  the  date  of  the  Council  of  Nice,  325,  His 
Uw  fur  the  future  regulation  of  the  sucueseion  of  the  short  and  long 
ymu*  is  at  follows : — Every  year  whose  number  is  not  <livi>iil>le  by  4 
without  temaiiider  coosists  of  365  dayi ;  every  year  which  j«  so 
divisikie,  but  is  not  divisible  by  100,  of  366  lUys  ;  every  year 
•Jiriaihle  by  100,  but  not  by  400,  agniij  ot  31(5  ;  and  every  year 
diriaiUa   by   400  agaiu   of  3^0  days.  It  may   lie   conveuiently 

telnelnbi:red  thus  :—  Every  year  whose  number  dues  not  cud  with  00 
MoA  ia  divisible  by  4  is  a  leap*year,  and  every  year  whose  number  enda 
with  00  and  is  divisible  by  400  is  a  leap-year.  The  error  in  the 
Gngoriaii  rccltoQing  amounts  only  to  oue  day  in  3800  years.  For 
tlie  period  of  10,000  years  the  average  length  of  the  Gregorian  years 
ia  aii5-2i2&i  (according  to  Uetaubre's  tables).  The  froteatant 
coantries  of  Kurope  were  lotig  before  they  adopted  this  reform,  and 
il  WM  uot  iutrodnoe.1  into  lingknd  lilH752.  The  "old  style"  wo* 
tb«n  abolished  by  Act  of  Parliament  The  rectification  Has  effected 
by  dntpping  II  days  auj  emitting  that  the  day  following  2nd 
tWptunbri,  1T52,  should  be  called  Uth  September. 

Oiuaera  Lucida,-~(L,"IJghtchajnlier"). — An  instrument 
mabing  Ilia  im^e  □/  an^  object  appear  OQ  a  «&\\tD,D,\\^t 
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either  by  day  or  night.     With  suitable  appliances  it  enables  any  one 

who  can  manipulate  it,  to  trace  with  perfect  accuracy  the  ouUineB 

of  distant  objects  such  as  landscapes.      The  essential  part  is  a 

quadrilateral  prism  of  glass,  by  means  of  which  rays  of  light  are  bent 

by  two  reflections  from  its  inner  surface  into  a  path  at  right  angles- 

to  their  original  direction.      The  diagram 

will  explain  this.     A  BCD  is  a  section  of 

the  prism  at  right  angles  to  the  axis  ;  AB 

and  AD  are  equal,  A  is  90'',  C  135'',  and 

the  angles  B  and  D  each  67*"  30".     A  ray  of 

light,     entering    the    face    of    the    prism 

perpendicularly    at    o    will    continue    its 

straight  course  till  it  strikes  the  adjacent 

face  at  77,  making  with  it  an  angle  of  22"*  SO' ; 

it  is  therefore  reflected  from  the  inner  surface  of  the  denser  medium 

in  the  direction  -p  g,  striking  the  next  face  at  the  same  angle  at  9, 

where  it  is  again  reflected  in  the  direction  q  r  emerging  at  r  at  right- 

angles  to  the  prism.     An  eye  situated  at  E  sees  the  image  of  the- 

object  in  the  direction  E  q  and  refers  it  to  P  on  a  plane  M  N.     See- 

Prism;  Reflexion. 


M- 


Canoer,  Oonstellation  of  (L.  Cancer  *•  The  Crab"). —The- 
fourth  constellation  of  the  ancient  zodiac,  lying  beteen  Gemini  and* 
Leo.     There  is  no  star  in  it  above  the  fourth  magnitude. 

Oanoer,  Si£^  of. — The  fourth  division  of  the  ecliptic,  including- 

from  90**  to  120*  of  longitude.      Owing  to  the  precession  of  the 

equinoxes,  the  eonsteUaUon  Cancer  is  no  longer  in  the  hign  of  the- 

name,  the  constellation  Gemini  having  taken  its  place.     The  son  In- 

j'n  Cancer  from  about  June  21st,  when  he  arrives  at  his  greatest* 


Dortliani  ileetinnUoii,  to  tit.uul  July  22nil.  The  Pint  Point  a/  Cana 
'a  knowD  »>  the  Bummer  aoUtico  in  the  Durtliem  bemiBpben 
Srmbol  a. 

Cancer,  Tropic  of.— Thnt  parallel  in  the  northern  heniisiiher 
wbo*e  latiliiiJe  is  eigTial  Lq  the  sua'a   greateat  declin&tion,  about  23*  I 


Canes  Tenatiicl  (  l^  "  The  Hunting  Dogs  ").~A  oanstelhttiol 
hetweeu  Urxa  Major  and  Boittes.      The  two  dogs  are  named  A)itrri<m 
«iuJ   C'Aiini.      The  principal  star  is  mnrlscd  a  €aaiim  Vm 
luuned  &Uo  Cot  Cdviili,  and  may  be  found  by  drawing  a  line  frontfl 
Dnbbo.  the  (Ukr  of  the  Great  Hear  nearest  the  pule,   to  tbe  oppuait 
abu*  of  the  square  «f  that  unimtellatitin,  and  producing  it  to  nearly  I 
nrice  tbe  ilUtance.  Mag,    3    N.  A.  ISW ;  R.A.  12o  Sim.  Dec.  + 

OaUlS  HajOP  (L.  "The  Greater  Dog "}.— A  conatelklion 
loUie  i).K.  of  Orion,  containing  tjie  brightMCitar  in  the  beavena,  s 
Amu  Jlfojoril.  a  Cani*  itajurit,  the  Dog  Star,  is  also  called  £irin«; 
tl  con  Msily  be  found  by  oontinuiug  the  line  of  the  belt  (•{  Orion  to 
•boat  IhTM  times  iU  length.  Mag.  -  1-4  N  A.  1S96.  R.A.  6h  4In>, 
0«a— 18*  34'. 

Cuila  Minor  |L,  "  Tho  Leeeer  Dog  ").— A  congt^lUtion  t 
E.   oi  Orion,  ocmtaining  a  bright  star,  a  Caaia  JU buirit,  called  aiao  I 
Prvrson,    It  can  lie  easily  found  by  continuing  a  line  through  thetippce  I 
tvo  stara  of  Orion  to  about  twice  ita  length.     Mag.  0*6  N.A.  Itl06 ;  I 
R.4.7b»i«i.  Doc.+5*20' 

CaDOplU.— The  name  of  the  bright  itar  a  Argis.     Colled  after  | 
a  piaiw  ill  Egypt.— Sue  AT^O. 

Capfltla  (L.  "Tbe  Kid"}.— The   uuae   of  the   bright    i 
«  Auriga. 
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Oapricomus,    Constellation  of  (L.  Capricomus,  <<The 

Goat "). — The  tenth  constellation  of  the  ancient  zodiac,  lying  between 
Sagittarius  and  Aquarius.  There  is  no  star  in  it  above  the  third 
magnitude  ;  a  and  /3  may  be  found  by  the  line  joining  Lyra  and 
Altair  being  produced  to  not  quite  its  own  length. 

Oapricomus,  Sign  of.— The  tenth  division  of  the  ecliptic* 
including  from  270°  to  300°  of  longitude.  In  consequence  of  ihe 
precession  of  the  equinoxes,  the  constellation  of  Capricorn  is  no  longer 
in  the  sifjn  of  this  name,  the  constellation  Sagittarius  having  taken 
its  place.  The  sun  is  in  Capricorn  from  about  December  21  st  to 
about  January  20th.  The  First  Point  o/ Capricorn  is  known  as  the 
Winter  Soistice  in  the  northern  hemisphere.     Symbol  y?. 

Oapricom,  Tropic  of. — That  parallel  in  the  southern  hemi- 
sphere whose  latitude  is  equal  to  the  sun's  greatest  declination, 
about  23°  27'.— See  TropiCS. 

Ccu^dinal  (L.  cardinalis,  literally,  "pertaining  to  a  hinge," 
cardo,  hence  that  on  which  other  things  turn,  "principal"). — The 
points  to  which,  as  regards  position  and  motion,  others  are  referred. 
Thus  we  have  "  the  Cardinal  Points  of  the  Compass,"  "  the  Cardinal 
Points  of  the  Horizon,"  **  the  Cardinal  Points  of  the  Ecliptic." 

Cardinal   Points  of  the  Compass  —The  same  as  the 

cardinal  points  of  the  horizon,  named  with  reference  to  the  direction 
of  the  magnetic  needle.  They  are  called  North,  South^  Bast,  and 
West ;  the  most  important  of  which  is  the  North. 

Cardinal   Points   of  the  Horizon.— The  four  cardinal 

points  of  the  horizon  are  the  North  (N.),  SotUh  (S.),  East  (E.),  and 

West  (W.).     The  north  and  south  points  are  those  in  which  the 

meridian  intenecta  the  horizon,  and  they  are  the  poles  of  the  primo 


rertic&l;  the  «i»l  and  west  poiute  are  those  in  whioh  the  prime  vi 

the  horizon,  ant!  aie   the  poles  nf  the  n 
Dortli  and  scntli  points  oth  those  Crniu  which  the  liotiEontdl  dialaaos  ■ 
from  the  meriilian  of  all  bodies  Imvuig  ui  allitudo  is  measured  ;  tha  1 
e«k>t  paint  ia  that  to  which  their  riling,  and  the  west  point  that  t( 
wliich  tlieir  Mttin^  is  referred, 

Cardinal    Pointe  of  the  BcUptlc. 

IHiiUtB  uf  the  ecli|ttic  are  the  two  points  of 
(■{siDmtial,  called  the  Bqu'moclial  I'oinU  ;  aud  the 
it  attains  its  greatest  distance  from  the  equinoctial,  called  the 
SoUtWal  Point*.  With  referenda  to  the  seasotis  of  the  northern 
bemuphere.  these  are  amneA  thi  Vrnial  oaA  Autumnal  E'liiUoctial 
Poiati;  and  the  Summer  and  Whiter  SoUliiial  Poiata.  These  aro 
matt  eatamotilj  called  after  the  signs  of  the  ecliptic  iu  which  they 
are  MTerally  situated  ;  Uie  Flrit  Point  of  Arirt  (symbol  r  1  nnd  the 
Pirai  Point  i,/LiOrn  i^),  the  Firtl  Paiil  ofCanar  (a.|  and  the  Firtt 
Poinlnf  Capricorn  (>i).  The  Colures  intersect  the  ecliptic  in  thes« 
lotir  pointa.  The  most  important  of  thom  is  the  First  Point  of  Aries, 
a«  fMm  it  right  ascensions  and  longitudes  are  reckoned.  The  sun  is  in 
T  about  Maieh  21st,  in  «  about  Juiie  2lBt,  iu  ^  about  Sej-tember 
Slat,  Mid  in  V  about  December  2Ut. 

Cassiopeia  (tunned  after  the  mythical  nife  of  Cephaus),~A 
Moutellatiaa  ou  the  op{Kisite  side  of  the  pole  to  the  Great  Bear,  and 
at  aboBl  tile  same  distanue  from  it.  It  eonsists  of  a  group  of  stars 
of  the  Itiiid  and  fourtli  magnitude,  disposed  in  a  form  somewhat 
T— ambling  a  choir,  or  the  letter  \V.  a  Camepeia  is,  of  tha  six 
tT4nfitHil  ■tsts,  tlie  farlheat  from  the  pole.     Mag.  variable,  Umita  211 

■  ■_■  ■    ■*    ■     I'nO;E,A.  O'i  35%Dec.  +  5. 
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Castor. — The    name    of  the    bright    star  a  Oenunorum. — See 

Gemini. 

Celestial. — (L.  Cttlesth,  from  caelum,  "thn  heavenB"). — 
Pertaining  to  the  heavens  ;  opposed  to  terrestrial,  pertaining  to  the 
earth.  Thus  we  have  the  "  celestial  meridian  "  of  an  observer,  and 
the  "celestial  horizon,"  as  distinguished  from  his  *' terrestrial 
meridian"  and  "terrestrial  horizon;"  the  **  celestial  equator,"  as 
distinguished  from  the  "terrestrial  equator;"  "  celestial  longitude 
and  latitude,"  and  "terrestrial  longitude  and  latitude." — See  under 
each  noun  qualified. 

Celestial  Concave  (L.  concavua,  "  hollow  ").— Of  the  two 

Bpherical  surfaces  with  which  we  are  concerned,  the  terrestrial  sj^ere 
is  convex — i.  e.  presents  its  external  surface  to  us ;  while  the  celestial 
sphere  is  coticai-e — i.e.  presents  its  internal  surface  to  us.  The  latter 
is  an  imaginary  surface.  The  different  heavenly  bodies  are  inter- 
spersed  in  space  at  various  distances  from  the  earth,  but  to  a 
spectator  on  its  surface  all  of  them  appear  (in  consequence  of  the 
constitution  of  our  organs  of  vision)  to  be  placed  or  projected  on  the 
interior  surface  of  a  hollow  sphere  of  infinite  magnitude,  its  centre 
being  the  centre  of  the  earth,  which  is  considered  coincident  with 
the  position  of  the  observer  This  is  called  the  "  Celestial  Concave," 
the  **  Sphere  of  the  Heavens,"  or  **  Sphere  of  the  Stars."  It  must 
always  be  remembered  that  the  spherical  dome  above  us  exists  in 
appearance  only,  arising  in  the  mind  of  a  spectator  of  the  heavens 
from  association  with  the  real  concave  surface  of  the  retina  of  his  eye, 
which  is  the  true  seat  of  all  visible  angular  dimensions  and  angular 
motion.  This  celestial  concave,  with  its  radius  infinite  compared 
with  all  terrestrial  distances,  is  a  confusing  conception  when  problems 
Are  concerned.     But  aU  ambiguity  will  be  dispelled  if  we  bear  in 


ntiml  tlial  NftUtlunl  Aalronmny  in  cciDcenierl  not  witli  HCtiial  but 
irith  nnifular  distaiiceti  of  the  heavenly  tiodies  :  plane  and  diliedral 
aoglea  mbtcTtded  at  the  eye  Heing  involved.  The  only  iiurpoaB  the 
celeslwl  coacsve  aubaervea  ia  that  It  enables  us  to  substitute  spherical 
lrwigU«  for  lolid  ongtee.  The  radius  of  this  sphere  is  perfectly 
arbitruy,  and  may  be  talicn  great  or  amuU,  the  eye  of  the  spectator 
beiiig  supposed,  as  be  changes  his  positioD,  to  occupy  the  ceslre. 
lliis  point  it  fally  explained  in  a  paper  by  the  Author  in  Naval 
Stience,  January,  IS73,  "  The  Defiaitioas  of  Nantical  Astronomy 
8yit«lliatized. " 

Celestial  Concave,    MotloQ  of.— With  respect  to  th« 

motiDD  of  thu  celestial  coucave,  iU  points  and  circles  fall  under  two 
diriaiocs— those  which  are  depeodont  upon  the  obscrver'a  position, 
and  those  which  are  the  same  wherever  be  ia  atalioned.  To  meet 
tli«  difficulty  thus  created,  we  may  imagine  on  inuer  transparent 
o  the  celestial  concave  in  rigid  conectiou  with  the  earth,  on 
which,  projected  from  the  centre  of  the  earth  C,  are  the  observer'i 
sUtion  giiing  na  the  zenith  Z,  and  the  great  circle  of  wliiuh  it  ia  lb« 
pole— the  horizon  HAH.       The 


I 


position  of  Z  determines  also  the 
meridian  ZPH  of  the  observer. 
All    these    are    couaidered    m  J 
fixed   with   the    observer,    and  I 
marked  down   upon   the  iooer    ^ 
traniparent  ahelt  of  the  celestial 
concave.      On  the  outer  surface 
all     those    points     (the    stars, 
centre  of  Bun,  etc.,  and  imagin- 
uy  circlet  coim«ctM  v\t\L  ^.t^ex^ 
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are  projected  which  are  independent  of  the  observer's  position  ;  and 
this  surface  is  conceived  to  revolve  diiirnally  about  its  axis  PT*,  carry- 
ing with  it  these  points  and  circles,  and  causing  them  to  sweep  across 
the  points  and  circles  of  the  inner  fixed  surface.  These  fixed  circles 
are  what  are  represented  by  the  broad  horizontal  wooden  rim  and 
brazen  meridian  of  the  old  artificial  celestial  globe,  and  by  the 
metrosph^re  of  modem  French  navisph^re. 

Celo-Navigation  (L  ccelum,  **  the  heavens,"  from  Gk.  koiKw, 
**  hollow  "). — A  term  I  have  proposed  tor  that  branch  of  the  science 
of  navigation  in  which  the  place  of  a  ship  at  sea  is  determined  by 
finding  the  zenith  of  the  place  from  observations  of  the  heavenly 
bodies.  The  other  branch,  in  which  the  position  of  the  ship  is 
determined  by  referring  it  to  some  other  spot  on  the  surface  of  the 
earth,  we  distinguish  as  Oeo-navlgation.  There  is  some  difficulty  in 
deciding  upon  the  best  prefix  for  this  much-needed  term.  Urano 
(Gk  oi'pAvbit  "  the  vault  of  heaven  ")  would  be  more  critically  correct 
as  antithetical  to  Geo  (Gk.  7^,  **the  earth  "),  as  in  the  terms 
"geography"  and  **uranography,"  but  the  resulting  compound 
would     be     inconvenient.  Astra      Gk.     (Aorpa,  "the  stars"), 

the  prefix  of  '*  astronomy,"  suggests  itself,  but  this  has 
reference  to  the  heavenly  bodies,  whereas  we  are  concerned  also  with 
imaginary  points  of  the  celestial  concave.  The  only  objection  to  cdo 
is  that  it  is  directly  derived  from  the  Latin,  while  that  to  which  it  is 
opposed,  geoy  is  directly  from  the  Greek  ;  but,  besides  that  this  Latin 
word  is  of  Greek  origin,  this  slight  objection  is  outweighed  by  the 
appropriateness  and  brevity  of  the  prefix,  analogous  to  the  familiar 
term,  '*  celestial  concave."  What  we  here  distinguish  as  Celo- 
navigation  has  hitherto  been  conmionly  known  as  **  Na%ttio(U 
^s^ronomy, "    The  term  *'  nautical  astronomy,"  however,  implies  » 


L 


tmixili  (if  the  Bciepoe  ot  ostivuomy,  just  m  "  luiuticnl  geographer ' 
woolil   imply  a  bmnch  of  the  science  at  geogmphy  ;    whereas  we 
,     MW  cpoakicg  of  a  LruDch  of  the  science  of  uavigatiou. — For  fuller 
O0ttc«  vi  Cehrnikvigatiou,  sec  onJer  Navigation. 

'  CentaurUB    (L.     "Tlic  CeDlnur").— A  coDsteUation    whiuh, 

together  with  Crux,  cunetitntes  a  bright  group  m  the  southern 
heniu^here,  poiated  out  liy  the  Itue  joiuing  Arctucua  nod  Spioa. 
Tlie  ttro  prinuijul  sIats,  o>  and  ff  of  the  Centaur,  are  close  togetlier, 

I  /IboiBgtbeaiurertolbocrass.    a>  CTntuiiriMag.O'TN.A.   18%;  Et.A. 

I  14l>33n.  Dec.  -fW^'.     (i  Venlaufi,  Mug.  1'2K.A.    1806  ;   R.A.  t3h 

Oentlerede  (L.  cutwn.  "n  himdrtJi"  rjrad«e  "a  step,' 
•'  gndiutirni ").— A  centignulc  •cule  is  ouo  in  which  the  unit  is 
ilfvklrH  inlo  u  himdml  equal  parts  or  gTode:  'J'he  term  ia  best 
■uKXTD  u  Bpplied  to  Celsius's  tlieniiometer,  which  ts  graduated  with 
ft  tiuivberl  il'igrees  botweun  tha  fri-uting  and  hoiling  point*. — See 
Ttasrmometer, 

OeoUm6tre(L.  tni'um,  "  a  hundred  i "  Fr.  nijtre).— A  French 
■DcaniTB  Ui«  nuv'hundricdth  p&rt  of  the  mitre,  and  equal  tc 
«l«Ht  I  of  an  English  inch.— Sco  M&tre. 

Central  Xiatltude.^Tho  angle  which  the  liue  joining  the 
•tklioD  (it  tlie  ulwervpr  with  the  "  centre"  of  the  earth  makes  with 
Uu  plane  of  tha  equator,  as  distinRuiahcd  from  the  angle  whith  the 
vortfol  line  at  the  place  louhcs  wilti  the  plane  of  the  eqnator.  Tlie 
BOTH  ooifiniunJy  recognized  term  for  this  is  "  Ococnilrie  LatiCvde," 
bnt   Ihme  irp  fererol  ohjeotions  to  it.     In  speaking  of  lemitrlit 

,1.  IS  rcdnjidant ;  aad  agiiin,  the  idjocUvc  ijeo«nlT\s,  ' 
Y  1 
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in  opposition  to  heliocentric,  is  applied  to  celestial  latitudes,  and  it 
would  be  well  to  restrict  it  to  so  appropriate  a  usage.  We  prefer 
the    terms  central  and   normal  latitude. — See  Iiatitude   Of  an 

Observer. 

Central  Projection  of  the  Sphere.— A  natural  projection 

on  a  tangential  plane  as  primitive,  the  eye  being  at  the  ''centre  "  of 
the  sphere.      It    is  also  called  the    **  Onomonic    Projection," — See 

Projection. 

OetUS  (L.  *  *  The  Whale  ").  —A  constellation  to  the  south  of  A  riea. 
It  contains  two  principal  stars  a  and  /3.  a  Ceti,  called  Menkar,  is  in 
the  vertex  towards  the  S.  W.  of  an  isosceles  triangle,  at  the  angles  of 
whose  base  are  the  Hyades  and  Pleiades.  Mag.  2*7.  N.A.,  1896; 
R.A.  2h  57m  Dee. +3"  41'.  /9  CVi  is  found  by  joining  Aldebaran  and 
Menkar,  and  protlucing  the  line  to  nearly  twice  the  length.  Mag. 
21  N.A.    1896  ;  R.A.  0^^  38«n,  Dec.  -  18'  33' 

Chain. — The  unit  employed  in  the  actual  measurement  of 
lengths  by  surveyors.  The  land-surveyor's  or  Gunter*s  chain 
consists  of  100  links =4  poles  =  22  yards  =  66  feet.  The  marine 
surveying  chain,  which  is  also  sometimes  used  by  builders,  is  lOO 
feet  in  length. 

Chang^e  of  the  Moon. — The  phenomenon  which  takes  place 
when  the  moon  and  sun  are  in  conjunction,  at  which  time  the  moon 
commences  afresh  to  go  through  its  phases.  The  term  is  sometimes 
loosely  applied  to  the  transition  from  any  one  quarter  to  the  next. — 

See  Lunation. 

Chang^e  Tide. — The  tide,  high  water  of  which  takes  place  on 
the  afternoon  of  the  day  the  moon  "  changes  "  or  is  at  the  fall,  more 
especially  if  the  moon  happens  to  change  at  noon,  or  is  full  at 
midnight. — See  under  Tide. 


Chart  (L.  charta,  from  Gk.  xip^nt.  "a  lenf  of  puper").- 
ta»p  of  the  liyilrngraplivr.  NaviBiition  woiiUl  Ije  imyowible  wit 
Uie  cliui,  mill  its  coiialruution  hns  esjiecinl  reference  to 
raqniremeDU  of  tli«  navigator.  Tlie  use  to  be  made  of  tbu  ubu 
tmeh  cue  ilat«nniiie>  Uie  method  of  projection,  ind  the  piirtii.'ulars  U 
be  iimrted.  [I)  T\i\ia  the  chart  may  be  required  toi-  oonstin] 
porpoaoi,  for  Uih  use  of  the  pilot,  et«.,  and  then,  only  «■  very  Hinitlll 
porUsm  of  the  enrth'a  sucfaca  bein^i  represented  at  o 
prKliral  error  reiiilta  from  considering  that  lurfoce  a  plan 
"plane  chart"  is  constructed,  in  which  the  different  heiMllandl 
liglitliouMi,  dc,  are  ?ai<l  down  according  to  their  bcnriuga.  ' 
MfUndingaAre  iiiiU'lted  in  these  charts  with  great  nccurocy ;  the  roi 
ti«ii)ia.  and  (lioals,  t^e  channels  with  their  bnoya,  tlie  lovnl  uiirrei 
and  cireunistances  connected  with  the  tides,  are  alsu  iiotwl, 
AgtLia.  for  making  long  sea-passages,  the  navigator  wnnts  n  diart 
which  his  oourso  may  be  conveniently  marked  down.  Now  if  b 
m3s  for  any  time  on  the  same  counie,  which  is  a  pmctical  m-cessitjriJ 
bfl  (litturilMs  a  rhumb  curve  on  the  earth's  sarface  ;  and  this  i 
)•  niprsented  by  aitraight  lino  (and  can  therefore  beat  once  drawn 
with  a  rule)  on  tbc  "  Mtrcalor't  cliart."  Hence  tliia  is  the  projection 
1  importance  in  navigation,  (3)  Where  great-cirule  sailing  it 
Ua  and  odvaulAgeous,  a  cliarl  on  the  "  etnlral  jirujtdim 

e  track  as  a  straight  line,  and  is  therefrire  couvenient. 
t  short  history  and  description  of  the  charts  on  whiuli  11 
r  proJ«eta  the  potition  and  track  of  bis  ship,  boo  o  fi 

Shi^I  Sdrncr,  July,  1872,  ■■  Rhumb  and  Groat  CirolJ 

whicli   the  geographical   fealnr 
BWHi/  rAartt,  rurrtat  clmi-l*,  m'ujnilid 
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c/t(ir/jt,  passage  charts.     These  Hre  all  most  useful  to  him  when  on 

Mercator'a  projection.  —See  under  Winds,  Currents,  Magnet- 
ism, Passasres. 

Chronometer  (Gk.  xp^vos,  "  time  ;'*  fifrpety,  *•  tomeasuro  "). — 
A  watch  of  superior  construction  used  for  purposes  where  an  accurate 
account    of  time   is  re(iuired— by   the  navigator  to  determine  his 
longitude.     Like  the  common  watch,   it  has  for  its  moving  power  a 
mainspring,  but  the  force  of  this  is  rendered  uniform  by  a  variable 
lever.       The    principal    characteristic    of    its    construction    is    the 
contrivance     for     compensating     for     the     effects    of    changes    of 
temperature.       A    change   of  temperature,   causing  expansion   and 
contraction  in   the   different  parts  of  the  mechanism,   is  the  chief 
cause  of  irregularity  of  watches,  and  a  navigator  carries  his  watches 
through   all  varieties  of  climate.       The   chronometer   is  therefore 
furnished  with  an  expansion  balance ^   formed  by  a  combination  of 
metals  of  different  exi>ansive  qualities  (as  brass  and  st^'el),  which 
effects  the  compensation  required.     Another  cause  which  affects  the 
regularity  of  watches  is  any  violent  action  to  which  they  may  be 
subject,  such  as  the  jerks  and  vibrations  of  a  ship.     Electricity  and 
magnetism  are  also  said  slightly  to  influence  them.     These  sources  of 
irregularity  may  in  a  great  measure  be  guarded  against  by  proper 
treatment  of  chronometers  on  board  ship.     The  temperature  of  the 
chronometer-room  may  be  regulated  by  lamps  ;  they  may  be  defended 
from  violent  motion,  by  their  cases  being  lined  with  cushions  of  soft 
wool,  and  by  being  preserved  in  a  horizontal  position  by  suspension 
in  gimbals  ;  and  care  should  be  taken  to  wind  them  up  at  regular 
intervals.      No    chronometer,    however,    can    be    made    abcolutely 
perfect,    ao   as   not    to    be  influenced  by  disturbing  causss;    the 


^"5"^ 

direcU  hit  attention  to  determine  the  rt^aulting  eiTAr,  and  to  detod^^H 
«oy  i-uistiDQ  in  the  going  of  hia  timepiece.                                          |^H 

The    bent    English    work    on   Chronometers   is   "Notes   on   t^^^l 
PubliBhed  b;  J.  Potter,  31.  Piinlti;,  Loodoo.                                       ^^M 

of  bU  on  board,  moat  dependence  can  lie  placed.     It  ia  best,  however, 

mtv,  in  the  &nt  ioatauce,  referrol,                                                            ^^M 
Chronometer,  ObBervatlon.  —Commonly  caUed  the  ■  ■  i>ee^^| 

ClirODOmeter,  Brpor  of-—"  The  Error  0/  Chroiwmeler  on 
MtaB  Timi  at  any  plau  "  U  the  difference  between  the  time  indicated 
by  tlie  cliroiionieter  and  the  mean  time  at  that  place.     "  The  Error 
of  Chttnumttrr   im    Mean    Time   at  Ortsnvleji "   is   the  difference 

at  GrMDVrich.     Theerror  is  said  to  be/oj(  oriloioaslhechronomater 
^^^^  wlvMice  ol  or  behind  tlie  mean  time  in  questioD.     Before  sailio^^ 
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Greenwich  mean  time  ;  and  it  is  of  vital  importance  that  he  should 
be  able  constantly  to  determine  this  error.  The  problem  ia  simply 
how  to  find  the  mean  time  at  any  place.  The  difference  between 
this  time  and  the  time  indicated  by  the  chronometer  gives  its  error 
on  mean  time  of  the  place  ;  the  Greenwich  mean  time  is  deduced  by 
applying  the  longitude  in  time  to  the  mean  time  of  place  of  observer, 
and  hence  the  error  of  the  chronometer  on  Greenwich  mean  time  can 
be  found.  The  following  are  the  methods  usually  adopted  for  finding 
the  error  of  chronometer  : — 

1.  The  sidereal  dock  of  an  observatory  gives  us  sidereal  time  at 
any  instant  at  the  station,  from  which  mean  solar  time  may  be 
deduced  with  the  aid  of  the  tables  of  Time  Equivalents  given  in  the 
Nautical  Almanac.  The  institution  of  time-bulls  renders  the  clocks 
of  observatories  available  to  the  public,  and  ships  while  lying  in 
most  of  our  principal  portfl  may  thus  obtain  the  error  of  their 
chronometers  on  (Greenwich  mean  time. 

2.  With  a  jyorfahle  transit  instrument.  The  instant  when  a 
heavenly  body  {msses  the  meridian  may  be  observed  by  this  means. 

(1)  ^  starts  transit.  The  right  ascension  of  a  star  is  the  same  as  the 
sidereal  time  at  a  place  at  the  instant  when  the  star  is  on  the 
meridian  of  that  place  ;  and  from  this  the  mean  time  may  be  deduced. 

(2)  Tfie  sun's  transit.  When  the  sun's  centre  is  on  the  meridian 
it  is  apparent  noon  at  the  place,  so  that,  by  applying  the  equation 
of  time,  the  mean  time  may  be  deduced. 

3.  With  sextant  and  artificial  horizon  ;  observation  of  a  singU 
altitude  of  a  heavenly  body  when  not  too  near  the  meridian.     This 

altitude  (AX— a),  with  the  declination  of  the  body  (DX=d),  and  the 
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UUtade  of  the  plnoe  IQZ-l)  eimWes  na  to 
(H)  at  the  bo<ly.  Leti  =  nO-n,  p  =  90±(i. 
triangle  PZX  We  Iibts  the  lliree  eidea  to 
which  niftjf  be  done  1>y  one  of  tlie  formuliB :  — 

fa)      Coa''^=' 

WTion    »■■ 

fb)       •""•^  = 

arc  ot  different  oi 

+  1  L.hav  {t-i±,0. 
(1>  If  a  »'ur  ta  the  lioiiy  oLserveii,  the  hour-angle,  willi  the  R.A.  of 
tiilere'il   Itme,    from  which  meHii  time  can  be  found. 
^t  IS  Ihr  MO  'a  Iba  body  obnorved,  the  honr-tinyle  gives  the  apparent  _ 
),  from  wlilc)>  moan  time  cux  ho  tied  lined.  J 
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4.  With  sextant  and  artificial  horizon ;  chttervatiou  of  **  eqwU 
altittide8."  (I)  A  star  observed.  The  declination  of  a  star  is- 
invariable  between  the  two  observations  of  equal  altitudes,  and 
therefore  the  same  altitude  corresponds  to  the  same  hour-angle  on 
each  side  of  the  meridian,  and  the  middle  point  of  time  between  the 
instants  of  two  equal  altitudes  is  the  instant  at  which  the  body  passes 
the  meridian.  Having  thus  the  time  by  watch,  if  from  R.A.  of 
Star  or  subtract  R.  A.  Mean  Sun,  we  have  Ship  Mean  Time  of  Transit. 
Comparing  the  time  shewn  by  watch  at  transit  with  the  local  mean 
time  so  obtained  we  have  the  error  of  chronometer,  fast  or  slow  on 
local  mean  time.  (2)  Sun  observed.  If  the  sun's  declination,  like 
a  star's,  were  invariable,  the  mean  of  the  ol)served  times  of  equal 
altitudes,  a.m.  and  p.m.,  would  l>e  apparent  noon.  But  in  the 
interval  the  sun  sensibly  changes  its  declination,  and  hence  the 
necessity  for  a  correction,  which  is  called  the  "  equation  of  equal 
altitudes. "  This  being  applied,  the  chronometer  time  at  apparent 
noon  is  accurately  obtained,  and  hence  at  mean  n^on. 

Chronometer,  Rate  of.— The  rate  of  a  chronometer  is  the 
daily  change  in  its  error,  or  the  interval  it  shows  more  or  less  than 
twenty-four  hours  in  a  mean  solar  day.  If  the  instrument  is  going 
too  fast,  the  rate  is  called  gaining  ;  if  too  slow,  losing.  The  rate  i» 
obtained  by  determining  the  error  of  tlie  chronometer  on  mean  time 
at  the  same  place  on  different  days  by  some  one  of  the  methods  used 
for  that  purpose.  If  the  error  is  found  to  remain  unaltered,  there  is 
no  rate  ;  if  it  is  observed  to  change,  we  know  from  the  amount  of 
that  change  and  the  time  elapsed  how  much  it  gains  or  loses' in 
twenty-fours  i.e.  its  rate.  If  possible,  the  error  should  be  taken  on 
suocesBJve  days,  at  the  same  hour.     A  chronometer  is  best  rated  at 
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a  obMrvstory.  Before  going  to  sen  it  lb  iiei'essary  For  the  □avigaCor 
to  konw,  in  lulilitiun  lo  the  error  of  his  chronometer  ou  Greenwich 
icnn  time,  ita  rat«. 

Ctaroaometer.  Sea-l^te  of.— The  mte  of  a  chronometer 
dedticrfl  (mm  the  ehftnge  in  ita  error  during  a  sea  paaouge.  When 
1  ihip  loaves  a  plnce,  ikiitl  after  an  interval  of  not  more  than  & 
fortnight  returns  to  it  again,  llie  error  of  tlio  chroiiometar  i» 
ilctenniued  at  lier  departnre  and  on  her  return.  The  difference 
between  the  two,  divided  by  the  iutervaJ  elapsed,  gives  the  sea>rate, 
ifhlch  will  in  genenil  be  found  not  to  bo  the  siime  as  the  rate  would 
hkTe  been  bail  the  sliip  remained  in  hubour  between  the  two- 
bKrv»lioiiB,  hjitI  it  ia  evidently  of  more  vaIuq. 

OtarODOmeter  Journal. — The  book  kept  for  the  daily  record 
of  the  comparisoni  of  tlie  elirononieterB  on  board  ship.  There  are 
•eveikl  fonna  in  use.  but  all  vesaeb  in  II. M.  service  keep  and  cetum 
the  official  one  approved  by  the  Admiralty  ;  it  may  be  fonnd  in  the 
Admiralty  Instructions.  Besides  Uie  "Chronometer  Journal,"  n 
"  Chrouameler  Sight  Book"  and  "Chronometer  Work  Book  "« re 
mi«t  decintble. 

Chronometer  Diasri'ams.— The  Clironometer  Journal  xiUkY 
be  embodied  in  diagrams,  though  their  atiiUty  baa  not  been  ai  yet 
gcoerally  afkuowtedgeit  by  Engliali  imi'igators.  Their  constraction 
boMi  inveslt^leil  in  France  by  Mens.  E.  MDU';hez,  and  by  M. 
A  de  IkUgnie.  SpecimonB  oE  Fcwlltt  Jlntuellea  and  FeailleM 
Amiuftlet  may  be  found  in  Cauii  dt  ifavigation  tt  d'Hj/drograpliU, 
fK  E.  Dnboiit. 

I  wrotA  a  aliort  article  on  "  The  Chronometer  Journal  in  Diagram  '*" 
in  Tlir  Ntmtiail  Magminr,  September,  1868,  and  then  proposed  two 
inethoda  for  depicting  the  comparative  or  rektive  Tate  cutvm  ■,  «,tA\ 
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discussed  the  whole  subject  in  a  paper — "Chronometer  diagrams  " — 
in  Naval  Science^  January,  1875.  The  substance  of  these  articles  is 
given  here,  as  the  requisite  imformation  for  the  construction  of 
diagrams  is  not  easily  accessible  to  the  majority  of  narigators. 

The  curves  are  of  two  kinds,  absolute  rate  curves  and  relative  rate 
curves.  Both  are  projected  on  a  simple  form  sin.ilar  to  those  used 
for  thermometer  and  barometer  diagrams.  On  a  sheet  of  cross- 
ruled  paper  the  abscissas  will  represent  the  times  and  the  ordinates 
the  rates.  The  region  above  the  zero  line  is  considered  positive, 
and  that  below  negative.  The  examples  given  below  are  all  taken 
from  actual  Chronometer  Journals. 

I.  Absolute  Rate  Curves. 
When  the  absolute  rate  of  a  chronometer  is  deduced  from  time 
to  time  by  a  comparison  of  the  errors  determined  from  observations, 
tliere  is  no  difficulty  in  marking  off  the  errors  corresponding  to 
different  dates.  By  joining  the  points  so  obtained,  the  fluctuations 
in  the  rate  will  l>e  graphically  represented  by  a  curve.  On  the  same 
diagram  may  be  di'awn  the  almolute  rate  curves  of  all  the  chro- 
nometers on  board  ;  and  if  this  be  kept  marked  up  throughout  a 
ship's  commission,  it  will  exhibit  a  very  palpable  picture  of  the 
idiosyncrasy  of  each  watch.  The  two  circumstances  which  chiefly 
afiect  chronometers  over  a  long  period  are,  lapse  of  time,  and  changes 
of  temperature.  Many  chronometers  exhibit  a  very  regular  tendency 
to  a  gra<lual  acceleration  of  rate,  as  time  advances,  since  they  were 
last  adjusted ;  and  there  is  generally  a  tendency  to  an  increase  of 
gaining  rate  upon  a  decrease  of  temperature. 

Diagram  No.l  gives  a  portion  of  the  absolute  rate  curves  of  four 

of  the  Chronometers  (Z,  F,  H,  L.)  of  H.M.S.    "Fly,"  employed  in 

surveying  the  coast  of  Australia,  in  1842 — 1846.     It  is  constructed 
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B  table  given  iu  ShaJwell's  ■' Notes  ou  the  Mannyement  of 

).  224,  225.     Tliis  (liagL-um  U  on  s  mncli  smaller 

vie  than  ahonld  be  practically  used  for  bo  lung  a  period,  a.  whole 

li  being  inclutlBd  betweeu  the  vertical  lines.       The  efTecta  of  the 

of  time  inity  be  imlnted  by  drawing  iaotbenn  lioea.      In  the 

;  the  isotbemiB  of  81°  are  drawn,  covering  a  peciuil  of  fifteen 

tnonlha  ;  and  they  sbow  that  the  rates  of  watches  F,  H,   ami  L  were 
kccelerated  by  the  lapse  of  time,  and  that  of  Z  retarded.      A  sudden 
11  of  temperature,  within  the  perioil  of  two  moutiis,  from  S2'  to  SH' 
.s  a  marked  effect,  as,  during  this  interval,  the  g&ining  rates  ware 
'■  lure&scil  from  2*  to  3'  for  all  the  four  ohrouonwters. 

II,  Ritt.ATirE  Batk  Cvkves. 
-H  tno  nietliu<ls  of  drawing  the  comparative  or  relative 
In  l>oth,  the  vertical  columns  represent  successive  days, 
ind  llie  horiiontal  coluinus,  differeucus  of  rates  of  Is  or  -5',  as  found 
In  the  first  method,  no  standard  chrouometer  is 
^knowledged,  the  judgment  bojng  left  unbiassed,  and  every 
{plirouometsr  tieing  valued  according  to  its  behaviour  ;  in  the  second 
>eUiod,  on  imaginary  mean  chronometer  is  regarded  as  the  standard. 
Kid  to  llie  irregularitiea  of  this  all  the  chronometers  riontribute. 
«  latter  method  was  suggosled  to  me  by  my  uollego  tiienJ,  the 
Lt«  Mr.  Hugh  Godfray. 

(1)  Fir4l  Mtlhod. 

A  dark  horizontal  line  is  taken  as  the  zero  line,  from  whence  the 

dinat<a  denoting  the  daily  differences  of  the  chronometers,  taken 

together,    are    measured,    the    region    above    being 

HisidereU  positJTe,  and  that  below  negative.      On   any  given  day, 

n  of  the  ordinates  is  equal  to  zero,   this  chwk  ftlvft^t  \uiVdis\ 


gooil.  Eucli  curve,  Ihoii,  ilepiists  the  fluctuation  in  the  combined 
rates  of  the  two  watclics  conipareil,  i.r.  the  daily  difference  of  the 
difiereuces  of  the  pairB  A  ami  B,  B  ami  C,  C  and  A.  It  is  prulmble 
that  tlie  irregularitiea  in  tbe  curve  which  exhibtta  the  oompuriEon  of 
A  and  B  will  be  caused  chiefly  by  the  Suctustioni  in  tbe  rate  of  one 
-of  tbeni,  A  or  B,  and  limiliirly  for  the  others.  Tbe  more  irregnlkr 
a  curve,  tbea,  the  greatflt  the  probability  that  one  of  llie  wat4:liea 
involved  is  going  badly.  Hence,  if  ffe  name  eacli  curve  by  the 
watch  nof  involved,  writing  the  diatinguishing  letter  in  brockets,  as 
<A),  that  curve  nmy  then  be  taken,  by  its  iaverae  funn,  to  inrlicatc 
the  degree  of  reliance  to  be  placed  on  the  wal«h  ;  in  oUier  words,  the 
less  irregular  the  curve  which  ia  called  by  the  Daine  of  the  watch  not 
involved,  the  less  valualile  will  be  the  indications  of  that  watch. 
With  a  view  to  diagrams  on  thin  phin,  the  most  convenient  fonu  o( 
I  he  chronometer  journal  is  &a  follows  : — 
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This  ia  the  eomnienoeinent  of  the  journal  represented  ii 
Ko.  3.  Que  division  of  the  ordinatcs  is  equal  to  1>-  In  this  diagrain 
we  notiue  that  the  curve  (C)  has  very  small  fluctuation  from  the 
boriiontBl,  while  (A)  and  (B),  before  a  third  of  the  month  is  over, 
begin  to  depart  from  regularity,  and  by  the  end  of  the  month  are 
fwy  divernent.      'Sow  u  the  watuh  C  is  involved  in  each  of  thoM.  _ 
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auil  (B),  we,  with  t^ettt  probability,  put  that  walcb  down 
M  th«  oSenili-r,  whioh  is  judimtod  aUo,  atoui^,  hy  the  curve  (C)  being 
very  rcgnl&r.  Ciuf^nui  formed  on  tbii  plui  Co  not,  lioH'ever,  seem 
to  be  «o  well  suited  for  exhibiting,  side  by  Hide,  theotirvee  of  ubaolule 
ntea  wilb  those  ot  relative  rates,  nor  for  connecting  the  SuctuntiooB 
of  the  Tain  corves  with  the  disturbing  inSueni^es.  And  one  fitatuni, 
which  teoden  diagrams  so  valuable,  we  must  always  bear  in  mind  ; 
it  ia  Iha  fauility  with  which  the  disturbing  influences  may  be  depicted, 
Ihna  fumiabing  means  of  anaigning  each  irr^alnrity  in  the  rate  curvea 
a  proper  caose.  AVhen  there  are  three  watehos  ou  board,  thia 
method  has  tlie  tulvanlAge  of  simplicity,  but  with  a  larger  number, 
tlie  wark  of  getting  out  the  difierences  rendera 


In  diagnni  No.  2,  the  curvea  on  thia  from  (A),  (B),  (C)  are  given 
for  the  throB  chronomelers  of  H.M.S.  "  Flying  Fiah  "  during  the 
nwnth  of  August,  IST4.  The  curves  drnwn  on  the  eecond  method, 
which  follows,  arc  given  on  the  saniD  sheet.  The  cnmmei 
the  diruuonieter  Journal  is  alao  iuserlcd.  We  are  indebted  for  this 
example  to  Mr,  B.  W.  Middleton,  navigating  otBceF- 

[2)  Second  MeHiod. 

The  kxi*  of  x  ropresenta  the  going  of  an  imagianry  mean  watcli,  I 
«D<I  tlie  duly  differences  o£  the  dilFcrenoes  between  this  mean  watch 
and  the  cbronometet  gire  the  ordinates  of  the  rate  curves  of  the 
difforent  chrouoiiieters.  The  cbroDonioter  journal  ii\a.y  be  conveniently 
bbnUtcd  m  follows :— We  take  the  same  example,  and  place  tha 
cnrvea  A,  B,  C,  on  the  same  diagram ;  but  here  each  division  on  tl 
UJa  ol  y  rapreaenta  half  a  second  instead  of  one  second  U  ^wAot«- 
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1874 

Augu^kt  I  St. 

9nd. 

3rd. 

4th. 

etc. 

A 

B 
C 

A.     m.    s. 
xo    5    0 

9  54  30  5 
9  54  18-5 

n,  9n.     s. 

9  47    0 
9  36  94 
9  36  10 

A. 

10 
10 
10 

m.    s. 

«3  30 
9  47*5 

9    3a 

9  54    0 
9  43  "'5 
9  49  54 

i 

99  53  49 

98  59  34 

30 

x8  49-5 

99  90    55 

M 

9  57  56  3 

9  39  5' "3 

10 

6  16-5 

9  46  41*8 

a 
8a 

+     7     3*7 

+     7     87 
+     5 

+ 

7  «3'5 
+     4-8 

+  7  x8-t 
+     47 

6 

-     3  958 

—     3  97*3 
-     i'5 

— 

3  99 
-     x'7 

—  3  30*3 
—     x'3 

c 

-     3  37'8 

—     3  41*3 
-     3'5 

— 

3  44-5 
-      39 

—  3  47-8 
-    3*3 

Where  a=A-M,  6=B-M,  c=C-M,  and  8a,  56,  dc  are  the  daily 
variation  of  these  dififerences.  These  latter  are  the  quantities 
embodied  in  the  curves.  Checks  in  the  calculation  are  afforded  by 
the  conditions  a  +  6  +  c=0,  and  5a  4  56  +  5c=0, 

Diagram  No.  3  gives  the  rate  curves  of  the  three  chronometera  of 
H.M.S.  "  Hotspur,"  Mediterranean,  for  the  month  of  December,  187^ 
Mr.  F.  K.  Taylor,  navigating  ofiBoer.  During  the  whole  of  the 
month,  with  the  exception  of  four  days,  the  ship  was  at  anchor,  and 
the  fluctuations  will  probably  be  all  due  to  changes  of  temperature. 
In  the  example,  diagram  No.  2,  motion  is  a  considerable  factor. 

Ohronoxnetrio  Difference. — A  term  proposed  instead  of 
Meridian  Distance,  which  see. 

Circles  of  the  Sphere. — If  we  conceive  the  sphere  to  be 

l^enerated  by  the  revolution  of  a  circle  about  one  of  its  diameters  as 

Jix/3,  then  the  "circles  of  the  sphere"  may  be  defined  as  those  oirdss 


DECLt  NATION, 


iU  aurfnua  by  tlie 
M  are  ul  right  angles  to  tlie  axia.  The 
are  colikiiltred  to  be  the  "palea"  of 
Any  ilianiet«r  of  the  genei'ttting  eircle 
we  nia;  regard  tlis  cirfllcs  of  the  apJiei 
ion  of  its  Burfaoo  by  a  phine. 


wlikb  UK  <je*crib«il  or 
of  the  generaliag  ciruh 
extremitiee  of  the  axi« 
arcle  iu  mcb  a  syitem 
be  nuule  the  kxb.  Or 
oiigiiuiting  from  the  sec 

CUrdeB,  Great.— Great  Circloa  of  the  Sphere  are  those  whase 
pluio    para    through    the    centre    of    the  sphere,   und   whicli 
tburfcire  equally  distant  froni  both  their  poles,  dividing  the  sphere' 
intu   twi>  rrguiil  pAi-ta.     Diatingiiiahed  from  Smnll  or  Leitr  Cirrlfr 

Circles,  Small  or  Leaser.— Small  or  Lester  Circles  of  tha 
Sphere  are  tbiiHe  wliose  pIiLiiea  do  not  pass  tlirough  Ihe  oenlre  of  tha 
■pihere,  luid  whli'h  ure  therefore  unequally  dieUnt  from  thstr  tWft 
[Mdvs.  diriding  the  sphere  into  two  nnequal  parts.  Diitinguiihad 
froro  Grral  CirrUi, 

Oirolea,  Primary  and  Secondary. -The  position  of  aD' 
paiuta  «n  Uie  sphere  may  be  deliucd  by  a  eyatcm  of  co-ordinates,  tbe 
feiee  of  whieli  ore  b  delinite  great  ctrule  and  a  systein  of  great  ctrclea 
pacpCDilioulu'  to  it ;  the  former  ie  colled  the  Frimury  Great  Virelt, 
tlw  latter  ite  ScoMfiar];  Great  (7ircf». —See  Oo-ordlnates  for  the 
StuftMe  of  a  Sphere. 

Oiroles  of  Altitude,  Deoliaatlon,  Latitude— In  the 

different  (yrtems  of  co-ordinnles  for  tlie  flurfnuu  of  the  celeBtial  sphere, 

it  !•  the  coiiimoD  practice  to  regard  the  aecDnda.ry  great  circles  sa 

ordinate  circles  to  the  primitive,  and  they  are  heuce  named  after 

a  of  the  co-ordinate*  which  is  cauoaured  vpim  thein.     Thus, 

s  great  cirole*  which  are  ordinate  circles  to  the  hori/ou  are  called 

I  nf  AlHtud*.  becauM  alcitudea  are  metwured  u^ob  V\i«nv,  \\>A 


I 
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82  CIRCLKS,    VERTICAL. 


great  circles  which  are  ordinate  circles  to  the  equinoctial  are  called 
Circles  of  Declination,  because  declinations  are  measured  upon  t-hem  ; 
and  the  great  circles  which  are  ordinate  circles  to  the  ecliptic  are 
called  Circlu  of  Latitude,  because  latitudes  are  measured  upon  them. 
Under  a  differenent  system  of  nomenclature  these  are  severally 
called  Circles  of  Azimuth,  Circles  of  Right  Ascension^  and  Circles  oj 

Lontjitmle.^Hee  Co-ordinates  for  the  Surfleuse  of  a  Sphere. 
Circles  of  Azimuth,  Right  Ascension,  Longitude. — 

In  the  different  systems  of  co-ordinates  for  the  surface  of  the  celestial 
sphere,  some  writers  allow  the  conception  of  polar  co-ordinates  to 
predominate,  and  thus  regard  the  secondary  great  circles  as  sweeping 
out  angles  at  the  pole  ;  they  therefore  name  them  after  that  one  of 
the  co-ordinates  which  is  marked  out  by  them.  Thus  the  great 
circles  passing  through  the  poles  of  the  horizon  are  called  Circles  of 
Azimuth,  because  they  each  mark  out  all  points  which  have  the  same 
azimuth  ;  the  great  circles  passing  through  the  poles  of  the 
equinoctial  are  called  Circle  of  Right  Ascension,  because  they  each 
mark  out  all  points  which  have  the  same  right  ascension ;  and  the 
great  circles  passmg  through  the  poles  of  the  ecliptic  are  called 
Circles  of  Longitude,  because  they  each  mark  out  all  points  which 
have  the  same  longitude.  Under  a  different  system  of  nomenclature 
these  are  severally  called  Circles  of  Altitude,  Circles  qf  DedincUum^ 

Circles  of  Latitude.— See  Co-ordinates  f or  the  SurflEU)e  of  a 
Sphere. 

Circles,  Vertical — or  simply  **  Verticals."— Great  circles  of 
the  celestial  sphere,  passing  through  the  **  vertex  "  of  the  heavezis  ; 
thejr  are  perpendicular  to  the  horizon.     Also  called   "  CircUa  qf 
AMiude, "  and  "  ClvcXts  of  AzimutK. ' 


CIllCLI  OF   IU,ClIl.VATiaK.  ^    | 

ClroleS,  Hour. — Gr«it  cirelea  of  llie  celestial  sphere  perpeii- 
dKiUar  to  the  niuinoctinl,  and  tlierefnri;  pasairig  throtigli  tlie  poles  of 
lh«  lienrcna.     They  Ruvemlly  murk  '.ill  nil    [inintB  whipli   have  t lie 

Bim  Aottr-nnsffr.— Sep  Oo-ordinates  for  the  Surftice  of  a  | 


Circle,  Diurnal  (L.  lUnrnai,  "  perlaiaing  to  B  clay,  froin  i/. 
"•  day"). — The  diumnl  circle  of  a  heavenly  body  19  the  circli 
dMcribaoiriiig  to  the  apparent  daily  revolution  of  the  celealiiilconon 
If  the  declinalioD  remaios  undinngeil,  CIjh  diurnal  circlets  cuiueiili 
with   the  paraltol   of  ilecltnnUon  paa<ilDg  through  the  body.     Only 
when  the  Iwdy  is  in  the  equinoctial  ia  it  a  great  circle.     At  tlio 
«quinoxei  the  ami's  iliumal   circle  is  nenrly  coincident  with   tb*  J 
•cjoiDOctial ;  nt  the  lutnmer  vid  winter  solstices,  its  diuriial  cIt 
ia    tlM   heavens  cortespoud   nearly  to  the   tropics  of  Cancer  and  1 
CWpHcom  on  the  surface  of  the  earth. 

Circle  of  Perpetual  Apparition.— Tliat  pa^nllel  uf  I 
■locjllikunu  beyond  which  all  the  dinnial  circle?  lie  wholly  alrare  the  | 
boriiini.      lis  pobr  distance  is  equal  to  the  latitude  of  the  ohsen 

•tBiioa. 

CHrole    of    Perpetual    Ocoultation— Thai    parallel  of  j 

beyond  which  all  the  diurnal  circles  lie  wholly  below  the 
t  is  at  the  sittno  dtstuncc  from  the  deprusaed  pole  as  the  1 
Cirtit  a/ Prrp-I'i'il  A}rpni-ilian  is  from  the  elevMed  pole. 

Circle    of   niumlnation.— Approximately    one-half  of   th»  I 
•arth's  rarfu'^  it  always  illuminated  by  the  sun,  while  the  oppnsita 
bemiaphcri!  is  in  the  sha-ie.     The  grcnt  circle  which  at  any  instant  is 
the  boanJarj'  b*lwe<^  the  ilhiininatetl   nnri  darkened  hemisphere  is 
Mdlad  tbe  Cirele  of  lUnmination  — See  lUuminatioa 
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TROrOTlTON'S  RKFLKCTOR. 


Circles,  Polar— The  Arctic  and  Antarctic  Circles.  — Rmall 

ciivleH  of  the  terrestrittl  sphere,  parallel  to  the  etjuator,  at  the  sainei 
ilistuiu'e  from  the  north  and  south  poles  as  the  tropics  arc  from  the 
etjuator.     This  distance  is  al)oiit  23'  27' ;  these  circles  are  therefore 
IMirallels  of  latitude  of  alwut  6<>'  33' N.  and  S.  ;  "about,"  because 
their  position  is  subject  to  slight  periotlical  change. 

Circle  of  Curvature.— The  circle  whose  curvature  is  the 
mune  us  that  of  the  curve  under  consideration,  at  any  giveo  point. — 

Sec  Curvature. 

Circle,  Troughton's  Reflecting.  A  very  elegant  instru- 
ment, which  is  the  same  in  prmciple  as  the  sextant,  and  applied  ta 
the  same  uses.  The  accompanying  figures  will  illustrate  our  brief 
notice  of  its  peculiarities.  The  essential  re<iui8ite  in  the  construction 
of  all  reflecting  astronomical  instruments  is,  that  lines  from  the 
Fig.   1  Fig.  2 


place  of  the  eye  and  from  the  movable  reflector  at  the  centre  of  the 
arc  to  the  fixed  reflector,  should  make  equal  angles  therewith.  In 
the  reflecting  circle,  the  graduated  limb  consists  of  a  complete  circle, 
which  is  equivalent  to  six  sextants,  the  adjuncts  of  the  instrument 
and  manner  of  observing  bringing  each  of  these  sextants  into  play. 
There  are  three  verniers  (V,  r,  w'),  Xhe  triple  bar  which  carries  them 


•«i05  iif  conrae  connected  and  moving  wUh  tho  index  gLins,  One 
of  UiMC  verniers  |V|  iafuroiHbed  with  the  clump  and  uuigeiil-surew 
*"f  t»KUl»tio({  ihc  cnulacu,  luitl  when  t.ha  rsfleiitora  aie  imrallel  IhU  ' 
h^ec  eisuili  il  or  ueur  0.  A  coini>]ole  ubaervntion  with  tliis  ' 
■MlnuMiit  nquiros  that  the  angle  shall  bo  talcemiircef/jBudrdtmn-fj. 
^direct  olttervntion  (6g.  1)  of  the  angle  is  made,  aa  with  the 
•"iMt,  liy  pHiihing  tho  indux  forward  along  the  limb.  The  degreu, 
BiiiBle,  sad  MConil  it  now  read  off  by  tliat  vernier  to  wiiich  the 
'■>4mit->crew  ia  attached  (V)  t  also  the  miuules  and  Becoiida  shown 
"jjliie  other  two  VBmiars  f",  c'J,  The  augle  lh  thus  ineasurad  on 
tow  different  sexlantii.  The  reveres  observation  (fig.  L*)  of  llio 
Uglt  M  uinile  hy  moving  the  index  back  along  the  limb  to  about  tl 
Mme  diitance  from  tlie  0  as  it  was  liefore  moved  forwarit.  then 
fncnlng  the  lustrnnient  hy  liirniug  it  luilf  a  ■'evolution  round  the 
liaa  of  viaiun,  and  finally  inaltiug  a  perfect  contaut  of  the  imageH 
*l(h  111*  ithi  of  the  ton  gent -screw,  Hie  central  reftector  will  now  iio 
(■rued  tnnu  its  initial  positiou,  parallel  to  the  lixeil  reflector,  In  the 
!•  extcol,  but  iu  the  opposite  direutiou,  to  what  it  wan  in  tlie 
Qliservation.  The  three  vemlon  are  then  rend  oil  u  before, 
tttna  the  angle   is  nieiuared  ou  the  three  remaining  sextants  of 

of  all  six   re^Iings-olf  is  the   trne  apparent  snjjlv, 

to  the  mean  of  the  two  tinios  at  wliicli  tlie  dtiecl  and 

■valions  were  mailo, 

itagea  of  this  instrument,  as  compared  with  the  suxl 

By  observing  rlireatly  and  raversely,  all  obser>'ation 

Index  error    are    rendered    unuecesnHiy  j     fur    if    tho   j 

of  divisions  be  erroncouaono  waj '«\\ctti.W«Afei.'\» 


piiihed  forwards,  it  will  1w  so  far  wrong  in  tha  other  direcliou  wIimi 
lliK  iiidux  u  pusLed  backward,  diiiimjeliiiig  or  iiicreaaing  the  luigle  r«a4 
off  ill  llie  ODD  case  on  iimcli  us  it  iuureafea  or  diniinialica  it  in  the  other. 
Agiiin,  the  errors  reeulling  from  want  of  poralleliaiu  in  the  surfncea  o[ 
ihedxib  glasBEBare  eliiuiiiKted.  U'heu  theinAmmeut  is  reversed  the 
direction  of  tlieir  iuuliimtion  is  chftoged,  and  cooaeijueiitly  Ule  efleet 
on  the  nnglc  measured  will  be  uf  a  imutrar;  kind — i.r.  if-it  iucrcaaed 
Iha  uiglu  Iwfore,  it  Will  uuw  diniiuish  it,  by  the  same  ajnoniit,  and  rice 
vtit/l.  Tlie  mean  of  the  two  sets  of  readings-off  will  therefore  he  Um 
true  apparent  angle,  iudepciidentotindex-erroraud  error  for  imperfect 
kbades,  'i'huB,  also,  the  errors  of  the  horixoo-glara  are  entirely 
corrected,  and  thuse  uf  the  iDdei-glaiH  very  nearly.  By  having  tiia 
three  veriiiera  to  read  ulf  from  different  [larCa  of  the  arc  of  the  cirols, 
any  error  resulting  froni  imperfect  contdring  is  altogether  L'orrected. 
If  a.  Kiiigle  liar  carried  the  index,  and  revolved  upon  an  axis  nob 
exactly  at  tlie  centre  of  the  graduuted  cirolu,  the  angle  indic«tad 
wonlii  bo  too  largB  or  ton  small ;  but  if  it  is  too  large  at  one  |Hut  of 
the  ciiclo,  it  will  be  too  small  at  the  opposiu.  Suuh  errura  are, 
Iheivfure,  eliminated  by  having  the  trijite  index -)»r.  By  taking  tli* 
mean  of  the  two  seta  of  three  reoiliugs  each,  errors  arising  from  wont 
of  cxacUiess  in  the  graduatiou  of  the  limb,  or  from  the  effects  of 
warping,  or  any  sliglit  errors  in  readmg  off  wliich  do  not  coiupenaat* 
each  other,  ore  reduced  to  one-sixth  ot  their  simple  value.  The 
circle  also  has  iin  advantage  over  Ihc  aeitaul  in  furuiahing  the  tnekna 
of  incosuiiug  a  larger  oujiIp.  The  adjuatments  of  the  two  iustrumstitB 
are  of  the  same  nature. — See  Sextant. 


Circle,  Repeating.— 


circle  for  a 
1    principle 


uiiring  angular 
iicutcd   by   lioriia. 


resultiug  thertrfroin  are  liy  LliU  iii(>&ns  inileliiiitely  iliitiinubed.  at 
leait  ill  theory,  A  brief  deicriptioii  of  "  the  principle  of  repetition  " 
will  axpIaiD  iJie  diatiuguiilliilg  eliHraclerisLic  of  tlie  iiitlruuieiit.  0 
U  Uu9  voniiuon  axii  ut  two  circles  ABC  and  lUie.  The  larger  circle 
ARC  hu  it!  limb  grnduDted,  and  it  pUoed  in  the  plane  passing 
Uirough  the  two  objects  whose  angular  distnnco  is  to  be  measured  ; 
let  lliex)  (supposed  fixed)  lie  X  and  V.  The  nnalier  fircle  otic  carries 
the  t«lesoope  TL,  which  ik  fixed  to  it,  revolving  on  the  axis  O.  A 
baf  Oi<A  ouTies  the  TetJiirr  which  reads  off  the  gnuluatioua  of  ABC  [ 
il   i»  fumiahed  with  twu  elamps,  by  ^if 

wltieh  it  can  l>e  alternately  attached 
to  eitlier  circle  aud  detached  [rom  tlie 
etkcr.  Let  the  telescope  be  direi:ted 
to  X :  tlicn  read  otT.  Clamp  tlic 
iades-arm  OA  to  ntic,  uueh»rnprng  it 
from  ABC,  nnd  curry  the  telescope 
KRDd  to  the  Diber  object  V.  The 
Iwlez-aniii  being  clamped  to  aLc,  is 
Ifetu  mrried  over  au  »rc  AB,  wbich 
nmauies  the  oogulur  distance  IXUV} 
of  X  oud    V.     Let  it   lie  cUuiped  to 

ABC  If  we  now  read  oH,  the  difference  of  the  two  readinf 
obtaiDcd  would  give  the  angular  distance  ret^uired,  but  affected  by 
the  BiTon  ariaiiig  froni  imperfect  graduation,  which  it  is  the  express 
otijeet  of  the  nfpeating  uircb  practically  to  get  rid  of.  Instead,  then, 
of  labding  off  the  arc  AB,  tbo  index-arm,  being  clamped  to  ABC.  i*  j 
uwUmpuil  froni  abr,  and  then  tlie  telescope  is  moveil  I«ck  to  tha  I 
JC,  InviU^  tlie  index  at  U.  The  index-arm  is  now  clainpod  t^ 
from  ABC.  and  the  telescope  again  ditcct»iw 


S  BJEPEXTINa   BJCVKCTIXIJ. 

the  second  object  V,  carrying  forward  the  iodex-nrm  to  C  The 
index  will  ddw  have  rrpe'iUd  the  arc  AB,  nod  the  whole,  &r.  if  read 
off.  would  lie  twice  the  angular  distance  of  X  anil  Y,  The  proceai 
may  be  repented  any  uumber  of  times  (for  example,  ten),  and  the 
final  are  read  ofTwill  be  that  nunilier  of  times  the  angle  XOY.  Thii 
reading  will  be  affected  hy  au  error  due  to  imperfection  in 
graduation  ilepending  on  two  readings -off  aloue,  those  oorrespouding 
tn  the  initial  and  final  postliun  of  the  index  ;  and  iu  dividing  the 
whole  arc  by  the  number  of  limea  AB  is  repeated  (i.f/,  ten),  tbi* 
conaluit  error  of  graduation  ie  itivided  to  the  (ame  extent.  Thus,  in 
the  example,  the  meosurenient  of  XOV  is  affected  with  only  one-lentk 
of  the  constant  error  of  graduation.  One  great  convenience  of  this 
inBtrument  is  that,  in  effect,  the  mean  of  a  number  of  olwcrvBtiana  ol 
an  angle  in  obtnined  witliout  tlietediouaneHi  of  multiplied  reodinga-off. 
Agab,  "  errors  of  obaervatioii "  virtually  disappear  from  Uie  rotnlt, 
for  tlieie.  when  numerous,  tend  to  balance  and  destroy  each  otlier. 
Some  unknown  obatAcle.  however,  prevents  any  practical  realiialioD 
of  the  abstract  advantage  offered  by  the  principle  oF  repetitj'in. 

Circle,  Borda'e  Repeating  ReSectlng.—lu  this  instru- 
ment the  mo.-isiire  of  ilii  nugulnr  distAUCP  is  taken  by  reflection,  as  ID 
the  simple  reflecting  circle  :  also  the  "  cross-observation,"  as  It  ia 
called,  is  the  same  in  principle  as  the  pair  of  observations  taken 
directly  and  reversely.  The  principle  of  repetition  is  made  availMbla 
by  using  the  iudex-glosa  and  horinou-glosa  altemnlely  as  ihe/ned 
mirror.  The  iiideX'gluBs  (at  centre  O,  as  in  sextant)  caiTiea  tha 
indei-aim  nnd  vernier  I.  The  lioriEon-gloss  H,  and  the  telescope  T, 
revolve  together  round  the  centre  with  the  vernier  A.  To  the  lar 
which  carries  these  is  attAched  also  on  inner  circular  arc  f.  divided 
to  fi^rtes,  caUed  tlie  "  Hoder,"  a*  it  cnublee  ns  to  set  the  minors  to 


any  given  inclination,  and  thus 

at  once  to  bring  two  objects 

into    contact    roughly.      The 

iJiviaions    of    the   finder   ore 

reckoned    in   both   directiooa 

from    the    0 ;    and   when  tbe 

vernier  I  ia  set  to  this  0,  the 

inilex-ghiBB  aud   horlzon-glosa 

"  [Mmllet.     The  telescope  bur  cau  Ije  clamped  at  pleuaiire  la  the 

vvIe  :  M  »1h>  the  index -bar  may  be  dHjQped  eitlier  to  the  circle  or 

'Qtbeflndur.     Let  tlioauguliir  diatancobi'tweenXand  Y  be  refiaireil. 

^^  the  imlex-liar  stands  at  J,  the  angle  pOd  measures  this  distiuive. 

u  Uw  iiutniniciit  be  ''rvversed,"  nud  a  contact  then  mode,   the 

it'W  will  have  moved  through  the  poHltion  of  pariLUelism  0/>  to  Or, 

HI  ka0e  pOr  btting  equal  U)  pOiI,  nnd  I'Or  equals  Iwlue  thu  ungular 

*i«wce  of  X  and   Y.     Let  the  instrument  be  now  resU.red  to  its 

'■'Ipial  pnaitiou.     Leaving  the  index-bar  clamped  to  thevircle  (being 

■Hlunped  from  the  finder),  move  the  horizon-hartUi-ough  the  same 

1*  {dOr)  and  in  the  same  direction  as  tbe  index-bar  travelled  ;  a 

lb  oontJUt  of  the  two  objects  will  be  thus  again  made,  whioh 

*>BlKt  Is  perlected  by  the  tangent-screw  on  the  horizon -vernier. 

'^Vj'tliing  is  now  exactly  as  it  was  at  starting,  except  that  the  two 

nien  are  transferred  to  other  jwints  of  the  circle,  distant  from 

it  original  positions  by  lii'ice  the  angle  measured.     The  o|>eration 

'^J  ihaner  be  repeated  any  numlwr  of  times. 


Tke  tlicoretical  lulvantages  of  this  i 
Caimstiing    errors  will  be    understoml  from   Iho 


mating  oi 
preceding 


Ctroummerldian  (L. 


iraiin,  "about  "). — About  or  near  Um 
Ititidfi  are  a  >ct  of  Kitiluilea  of  t.  body 
iuiuily    of    the    luerMiiU]. — See    under 


Olrro-cumulufi.  — One  of  ihe  interiiiediiiie  incxlifiontio 
ciouH.—.^cc  Cloud. 

Girro-BtratUS. — One  uf  llio  iutermeiliale  modificutioi 
cIoua.—SiD  Cloud. 

Cirrus  IL.  ■'  a  look  ot  curled  hair  '■}.— The  ■'  Curl-doud  :  ■ 
of  the  pdiiLury  laodilicationB  of  cloud.— See  Oloudi 


Civil  (L.  (('-■;('>,  "reliituig  to  tlit  co 

ivil  liui',  ;/"••,  •!'•!/.  ia  lliil  reckouiugw 

of  life,— See  OaJendar. 


adopted  fur  the  b( 

"  Clearing  the  Distance." — Id  Goding  Ihe  longitude  by  B 
"  lunar  lUslniice,"  the  operation  of  deducing  the  true  from  tlia 
tppnreiit  distance  ia  technicfttly  called  "  cleariog  the  diitlKtice."  For 
the  mcthoilB  of  dning  this  see  under  Longitude,  Lunar 
Dlatances. 

Clinometer  Ship.— An  inalrumeut  tor  mesBuriiig  the  Migte 
U,io.,gh>vhi,:l.  a.UiphepU. 

1.  Tlie  siiiipleal  fonii  is  a  I'tmlwliiin  nll«ched  to  an  athwartohip 
bulklienJ,  with  axx  accompanying  arc  to  iiidiuat«  its  departure  from 
the  vertical. 

'2.  A  better  and  equally  rimple  contrivance  coniiata  of  a  pair  of 
fiulllnff  Balltne-,  these  are  graduated  perpcndicnlars  placed  at  the 
cxtremilicM  of  the  bridge,  whence  the  horizon  is  visible. 


3.  XuUolh't  Sliip-CliHonulei-  U  a,  ainiple  toatru 
priuuiple  of  ■  vftt^iilcr's  rule  ;  applicable  in 
panduluni  is  umIqu, 

4.  Slun-l't  PaUnt  Ship-ClmameUr  U  a.a  instriuneul  conBiUing  ol 
«  tubulkr  Arc  u[  glua,  irou,  aud  vulciuiite,  partly  filled  with  mercary. 
The  top  of  the  column  of  ■aincxtrs,  visible  in  the  ^axi  poitiun,  rises 
or  Mia  sa  lli«  ship  rulta.  and  iiuUcates,  against  a  scale  Inldly  gnul- 
nalvd  (u  r,  the  real  aufjle  of  tbe  roll  of  the  aliip.  An  electric  ■ 
kpparmtds  ia  added,  by  which  a  Bigmil  from  a  liell  ia  givcu  iihcu  th«^ 
■liip  rcAdiea  a  duigeroUB  roll. 

(See  ",1011™!!"  ot  the  Roynl  Uiiil«d  Service  Iiisti 
XIV...  So.  cjtiv-,  \iVi2      Also  vol.  xv„  Ko.  Ixii.,  1871.J 

Clocks  asd  Watches.  -Navigation  ia  viully  oouoenied  wilta^ 
the  lunchijiea  by  wliith  time  ia  lueasureJ,     Every  scientific  oavigatoe 
■iwjolj  uiiderslBud  geoerully  the  principle  and  c 
■atmiimiical  clock  iu  the  ahore  observatory,  and  of  the  clironomeletl 
on  bmnl  iiia  ship. 

Tliere  are  three  essential  parts  in  all  such  inatruiucnta  :—(1)  tli«l 
itvrmj  J'vietr,  (2)  IIil-  Cwn-et-tiuy  iltclianiim,  (3)  Ihe  ReyulaiingW 
AgtvCf,  (1)  The  moving  [wwer  iu  aatrouomical  clocks  consists  of  »>■ 
bcavy  weight,  which  Ucsoends  by  the  force  ot  grafU;/.  thr  cord! 
which  suBiieiida  it  paaaiug  over  and  giving  a 
liociMtilAl  axle.  The  moving  jiower  in  chronometers  conslstaofkl 
tftrlng  wliioh  is  coiled  up  within  n  barrel,  and  unwinds  itselft^ 
bj'  the  force  of  ita  own  elatticit]/.  (2)  The  converting  meohAtiism  il 
both  clocks  and  watches  is  forait^d  of  a  trr'm  0/ v'he«U  ami  pim 
1nn*U  wheels  fiiruiahed  with  wliat  nre  called  leaves,  working  ii 
01^  «[  larger  opposing  whceN).     Bj  this  train  •  rotatory  n\utvaii«s*^>1 
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be  obtained,  having  any  required  ratio  to  that  of  the  primary  axle. 
(3)  The  regulating  agent^y  in  astronomical  clocks  consists  of  a 
petulitlum,  the  oscillations  of  pendulums  of  uniform  length  being 
isochronous,  or  performed  in  equal  times.  The  regulator  in  chron- 
ometers consists  of  a  balance^  making  isochronous  vibrations. 

The  contrivances  by  which  these  essential  parts  are  articulated 
together  constitute  an  important  element  iu  the  construction  of 
timekeepers.  The  energy  of  the  moving  power  has  to  be  periodically 
renewed  by  "winding  up,"  which  raises  the  weight  or  coils  th« 
spring.  By  the  manner  in  which  the  moving  power  is  connected 
with  the  commencement  of  the  wheel-work  this  process  can  be 
effected  without  arresting  the  motion  of  the  other  parts  of  the 
machine.  In  watches  a  Maintaining  Power,  consisting  of  a  second 
spring,  has  to  be  introduced  at  this  point.  At  the  other  end  of  the 
converting  mechanism  is  the  regulating  agency,  and  these  two  are 
combined  by  what  is  called  the  Escapement.  Unless  restrained,  the 
descending  weight  of  the  clock  would  acquire  an  accelerated  motion 
and  rapidly  run  down,  and  similarly,  the  spring  of  the  watch  would 
at  once  uncoil  itself.  The  escapement  provides  the  necessary 
•checking  influence,  by  bringing  the  alternating  action  of  an  oscillating 
body  rthe  pendulum,  or  balance)  and  the  rotary  motion  of  the  wheel- 
work  to  act  and  react  upon  each  other.  The  pendulum  acts,  not  only 
as  the  regulating  agency,  but  contributes  to  the  moving  power  by  the 
action  of  gravity ;  the  balance  derives  its  motion  entirely  by  ita 
being  transmitted  to  it  from  the  spring.  Both  i>endulum8  and 
balances  are  constructed  so  as  automatically  to  compensate  the 
disturbing  effects  of  changes  of  temperature.  A  uniform  motion  is 
thus  sustained  and  communicated  by  the  wheel-work  to  the  hands 
which  indicate,  on  the  dial,  the  lapse  of  time. 
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Clock,  Astronomical.— A  peudulum  cWk,  of  very  superior  1 
coiutrui;tioa.  iiDil  specially  adajitcd  for  aatroiiDinical  ubaervatinna,  T 
It  ia  BO  tndiipensable  piece  of  furnituie  iii  every  oluerrutory.  [A  I 
■hort  kQil  clear  description  of  observHitory  iiiBtrunieuts  is 
Tfo«ii»o  on  Astronomy,"  by  Hugh  Oodtray  {MaomillBii  &Co.).]  The  I 
dil^  cau*e  of  irretjulult]'  in  the  going  of  olocka  ia  the  expaniiion  ui 
conirBUtion  uf  the  penduluui  from  changes  of  tempcrsiturB.  Ciiiii]ien-  | 
^tinj;  punJulumi  (suvii  iia  the  gridiron  of  HurriBon,  or  tiierciirinl  ol 
Gnham).  at  oow  coastrucMd,  ecoure  an  Isochronoiu  m 
perfect  equality  in  the  duration  of  tlie  oauillatioue.  Another  I 
imporlant  point  in  the  [nechanisni  is  the  "  eecapenienl,"  wliick  I 
lartainii  the  motion  of  the  pendulum  and  recordti  its  vibrations ;  I 
aiwl  here  aUo  great  perfection  haa  lieen  attained.  Huyghen 
Adopted  the  pendulum,  and  to  him  also  is  due  a  eiinple  me 
windiug  up  the  clock  without  interfering  with  ita  regular  and  uniform  I 
progren.  In  the  astronmiiicaluliKk  the  second's  tick  is  very  distinct,.  I 
•n  that  while  the  eye  of  tlie  obaerrer  ia  engaged  at  the  telescope,  the- 1 
•w  ni»)-  note  the  time.  It  ia  adjusted  to  show  aultrfil  lime, 
iadicBtini;  01>  Dn'O*  when  the  tirsl  point  oF  Aries  is  on  the  meridin 
tJi«  atatiun,  and  go^ng  tvrenty-four  hours  between  t 
tranalUi  of  that  point.  The  astronomer  seta  and  regulates  his  sidereal  I 
cloak  by  ulHerving  with  the  trousit  iustmment  the  mo 
of  Ch*  man  conspicuous  ami  well-known  stars.  Each  of  thei 
in  the  hearcns  a  known  place  with  respect  to  the  firal  |K>iut  of  Arlea,  I 
anil  by  nuling  the  times  of  their  [uiUHge  in  succession,  he  knowt  1 
wbMi  the  first  point  of  Aries  piutsei!.  At  that  moment  his  clock  ( 
ougbt  to  liave  indicated  O^  0>"*  -,  if  it  did  not,  ho  know 
corrvrt  Its  trrnr.  Again,  by  the  agreement  or  disagreenient  of  tha  | 
<rn>n   giv«ii    by   eiioh  star,    he  cuti  ascfiUin   whether    li"   rVi^t  ^ 
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correctly  regulated  to  go  twenty-four  hours  in  one  diurnal  period  ; 
and  if  not,  he  can  ascertain  and  allow  for  its  rate.  FTence,  by 
applying  the  error  at  a  definite  date,  and  the  accumulation  of  the 
rate  since,  to  the  indication  of  the  clock,  the  exact  sidereal  time 
proper  to  the  locality  of  the  station  can  always  be  obtaine<l.  The 
astronomical  clock  is  of  the  greatest  importance  to  the  navigator, 
as  furnishing  a  ready  means  of  obtaining,  by  comparison,  the  error 
and  rate  of  his  chronometer. 

OlOOk,  Mean  Solar. — A  clock  which  mdicates  metin  solar  or 
civil  timet  and  is  therefore  adjusted  to  twenty-four  hours  during  the 
average  length  of  the  day,  or  one  complete  diurnal  revolution  of  the 
mean  sun  in  the  heavens.  The  ratio  which  the  duration  of  the 
mean  solar  day  1>ears  to  that  of  the  sidereal  day  is  1  *00273791  to  1  ; 
hence  it  will  be  found  that  the  twenty-fours  of  the  mean  solar  clock 
corresponds  to  24h  3m  56  "SS"  of  the  sidereal  clock. — See  Day. 

OlOOk,  Sidereal. — A  clock  which  indicates  si<lereal  time. — 

See  Clock,  Astronomical. 

Oloud. — A  mass  of  visible  vapour  floating  in  the  atmosphere. 
The  classification  of  clouds  and  nomenclature  introiluced  by  Mr.  Luke 
Howard  is  the  system  universally  adopted,  though  later  meteor- 
ologists have  suggested  modifications  and  amplifications.  Howard 
defines  and  describes  the  three  simple  and  distinct  modifications  of 
cloud,  which  he  names  "Cirrus"  (ci.)  "Cumulus"  (cu.),  and 
** Stratus"  (s.)  ;  then  two  intermediate  modifications,  the  "Cirro- 
cumulus"  (ci-cu.),  and  "Cirro-stratus"  (ci-s.)  with  two  compound 
modifications,  the  "  Cumulo-stratus  "  (cu-s.),  and  the  "  Cumulo-cirro- 
stratus,"  or  "Nimbus'  (n.).  We  have  placed  in  parenthes^  the 
notation  Oiiopted  to  register  each  variety. 


fUmj'l'  Mo-lijtailioi'ii. 
Tiw  (L.  "a  lock,  of  curled  liHiir,"  from  (ik,  t^pat.  "  u  liurii  "), 
s^*'Cnrl-cloioil."  Clotidi  of  fibrooBBtriicture.  Of  all  the  modificalioni, 
they  hkVa  the  leoat  deniity  of  oggregntion,  the  greatest  elev&tion, 
wid  moat  vMiety  of  uxlenl  nnil  direclion.  They  are  tlie  enrliest 
kr  »fter  nereiie  wenlher,  it>t  k  few  white  tiiretuls  pencilled  on  t 
aky.  These  arc  reinforcwl  by  pnrnllcl  llcKaoiis  or  diverging  gtreaki 
•t  brknchea,  tlie  upward  direction  of  the  tufts  indicating  condeBution 
|ir«cnl)t>g  niu,  their  ilown^ard  direction,  evnporation  nnd  Sue 
cKther.  Among  seamen  the  cirri  are  known  as  "mare'e  tutla," 
\A  are  regarded  lu  tiie  precunor  of  windy  weather.  From  tlleir 
gn*t  elevation,  the  pui'ticlea  are  prolably  froien,  and  therefors 
crj^aUiUine :  ami  hence,  from  reSection  and  refmution,  tjis 
appMtiuice  of  haloa  and  similar  phenomena,  which  are  oidy  obaerved 
«  derivative  forms,  especially  in  the  ciiro-stratui. 
The  halo  commonly  prognoeticratea  foul  wenlher. 

2.  Cumului  (L,  "a,  heap,"  from  Gk.  nF/ai,  "anything  flwollcn.") — 
"Hoap^iloud."  (.'loudB  of  a  hUIy  stnioture.  The  lower  enrfnco  is 
huriiontal,  the  npper  conusts  of  conical  or  hemispherical  heaps.  Of 
■n  Uie  modilicatiiins  they  are  the  denaeat,  and  are  generally  found  in 

■  of  ihe  aUnMphere.  The  cumuluH  of  fine  weather 
bu  •  noderaU  elevation  and  eitent,  and  a  well-deiined  rounded 
anrfaen.  Tievloua  to  rain  it  increases  more  rapidly,  appears  at  a, 
nrer  lavel,  and  with  its  surface  full  of  loose  fleeces  and  protuberance*. 

3.  Strnlvi  (L  "  hkid  flat "),  — "  Flat-cloud."  Clouds  consisting  of 
Ml  Mtauiad,  coutinuoan,  horiEontal  sheet,  increasing  from  below. 

9  tlireu  primary  modifications,  the  stratus  is  intermedia 
deuaity  ;    in  posllLun   it  ia  the  lowest  of  clouds,  \\»  uili^fvix  •^u\M*fl 


1 


p 

■■■ 

generally  resting  on  the  eartli  or  water.     Ab  tlie  ciunuliis  l>elongs  to 
the  day.  ho  the  stratuB  is  the  I'loud  of  niglit.     It  is  disaipated  by  tbe 
return  of  t!io  auu  and  morning  breeze,  when  fair  and  serene  wekthw 
1               b  ushered  in.                                                                                            ,^M 
1                                                          hil-'rmf.natf  Madijicalioux.                                    ^H 

"                    ThBcirruB,  after  continuing  for  aome  time  stationary  or  iiioroMin^ 
QBUBlly  pocsei,  while  at  the  same  time  it  descendu  tn  a  lower  poaitioa 

1.  Cifm-cumHiMK.— SmaU.  roundish,   weU-defined  maasea,  in  olOM 

collapsing,  oa  it  were,    I'hia  beautiful  aspect  of  the  sky  is  frequent  tn 
fmniner.     It  is  the  ■'  mackerel  bock  sky  "  of  warm  and  di-y  veftther. 

2.  C'irro-gfradM.—HoriKon tally    or     slightly     inclined      massea, 

Thil  uloud  presents  generally  the  character  of  the  stratus  in  its  hmd 

body,   of  the  cirrus  in  its  margin.     When  seen  from  u  disl«nce,  it 

1                frequently  gives  the  Idea  of  slioala  of  fish.     It  precedes  wind  aad 

rain,  and  ia  almost  always  Seen  in  the  intan-als  of  Btomis,                  ^B 

ComMned  Modlfieaiiotu.                                     ^| 

1             oolunuis  of  rising  vapour  which  go  to  form  it  arrive  in  the  upper  region, 
■             not  sufficiently   dry   to  round   off  iu  summiu  by  rapid  evaporution. 

00-lJlTITCDB. 

2  VumMbi-drrv-ilriUvt  or  Nrmhua  (L.  the  rain -cloud).— A  cloud  o: 
"^itcii]  of  clouds  from  which  rain  is  f&llmg.     It  comlBta  of  a  horUonbtl.l 
^Kt,  ftlMve  which  the  ciitub  spreadi,  white  the  cnmului  enten  it  I 
^l*mlly  &tid  from  benealh. 

Id  Ailmiral  YiXxrofa  lyatem  there  are  four  primary  cloases  c 
^laads  : — 1.  Cirru*  ;  3.  Stratus  ;  3.  Nimbus  :  4.  Cumulus.     He  adopts 
^lu  principle  of  combining  these  words  to  describe  the  i 
^lUMlifiestioDS,  and  renders  the  terms  more  eiplanatory  of  tlie  precise 
\iaA  of  cloud  by  the  use  of  the  augmentative  temiiiintiUD  oi 
the  dinuDDtire  ilm — t.g.  cirronus,  cirritue,  cLrrono-stratus,  < 
Mtnitau,  etc 

Co-- — A  prefix,  being  an  abbrevintion  of  CompUmmt.  Thua  we 
luiTC  co-altitade,  co-i!ecliiiation,  co- latitude,  co-sine,  co* tangent, 
co-wcMit.— See  Complement, 

CO-altltude. — The  Comp^nnrnf  of  the  altitude,  called  also  the 
"Zttatk  diaUina."  i=W-o,  When  the  body  is  below  the  horuon, 
a  i>  negative,  and  tbo  co-altitude  exceeds  90*. 

0&<lecU]iatlOII.— Tlie  complement  of  the  declioation,  called 
ako  the  "  I'olar  dhtlnntt."  p  =  W-i;  B  being  considered  aegntiTfl 
when  tbe  declination  is  of  a  different  name  from  the  elevated  polo. 

CO-latltude. — The  eompUmtnt  of  the  latitude,  ^^90°-  {,  In 
Tcry  miuiy  of  the  problems  of  celo-n»vigatiou  a  spherical 
triangle  hu  to  be  aolvcd,  whose  sides  are  respectively  onuol  to  p  Ihs 
|K>lar  distance  of  the  heavenly  body  observed,  :  its  zenith  dLslaoee. 
tmi  e  the  co-latitude  of  Uie  obeerver.  It  iduhI.  however,  never  be 
forgMteti  that  this  being  a  triangle  of  the  celestial  concave,  e  in  this 
[.«MB>  tetwHy  the  poUir  ditUtjiO!  of  llif  obierter'a  laiith.  The  Co- 
is  the  correBponding  art  of  the  terrestrial 


i 
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Coefficients. — In  algebra,  the  factors  whose  product  coustitutes 
a  term  are  called  coefficients  of  each  other.  But  in  expressions 
whose  terms  involve  cousUint  as  well  as  variable  factors,  the  word 
coefficient  is  usually  restricted  to  the  former,  while  the  latter  are 
distinguished  aa/acients.  In  formulae  embodying  physical  properties, 
these  coefficients  are  determineil  by  experiment.  The  coefficient  of 
friction  for  any  substance  is  a  familar  instance.  There  is  another 
example  familar  to  the  navigator.  The  magnetic  condition  of  each 
individual  iron  ship  is  expressed  by  an  algebraical  formula,  the 
terms  of  which  involve  the  coefficients  A,  B,  C,  D,  £ ;  these 
represent  the  components  of  the  constituent  parts  of  the  ship's 
magnetism,  and  are  determined  by  experiment. 

Oollimation,  Axis  or  Line  of  (L.  coUimare,  form  of 
collincre,  "  to  level  in  a  right  line  ;  "  from  co/i,  **  together,"  and  linta, 
*'  a  line  ").  The  optical  axis  of  the  telescope,  or  the  line  joining  the 
the  centre  and  focus  of  the  object-glass.  One  of  the  adjustments  of 
the  sextant  and  similar  instruments  is  to  render  the  axis  of  oollima- 
tion parallel  to  the  plane  of  the  arc. 

Oolumba  (L.  "The  Dove").— A  constellation  next  to,  and  to 
the  8.  W.  of  Cauis  Major,  a  Columbcd  may  be  found  by  producing 
the  line  joining  Procyon  and  Sirius  to  about  the  same  distance.  Mag. 
2-7  N.A  1896  ;  R.A.,  5h  S6««,  Dec.  -34'*  8' 

Oolures  (Gr.  K6\ovpos,  ** cutting  the  tail;"  from  iroXoi^ty,  "to 
cut,"  and  oi/pd,  '*  the  tail ").  A  term  originally  applied  to  any  great 
circle  passing  through  the  poles  of  the  heavens.  It  is  derived,  by 
some,  from  ths  fact  that  one  part  of  each  of  these  circles  appears 
always  **cut  off "  by  the  horizon.  A  more  probable  explanation  of 
^Ae  word  aeema  to  he  **  cutting  the  tail "  of  the  northern  oonstellaiioik 


~'''-  puaiaf-  through  the  pole  star.  Tbii  stat  i(  Bituated  jii  tliB 
**•!  ll  llie  teatei  Bear,  ■  group  which  appeara  to  have  beau  more 
'"''•''tlj  ggored  aa  a  dog ;  hence  the  pole  atar  u  call  CynoBore 
'•iWjoi^  "The  Dog's  Tail,"  if-w,  oi"*!,  "  a  dog. "  and  oilpi,  "the 
™")-  The  word  cotures  has  more  lately  become  restricted  to  the 
*•<>  ottclet  at  llie  system  whioh  paaa  through  the  four  cardinal  points 
"*  tte  Bcliptie — the  equinoctial  and  solstitial  points— the  former 
•"■UKPaUedthoiii/iiinoriid/  Colurf.  and  the  latter  the  S.Jal!lkil  Cuiuit, 
""  tiiiiinoct  ial  colure  may  l>e  regardeil  as  the  initinl  position  of  the 
Weirele  [Coordinates  for  the  Surface  of  a  Sphere]: 
™  •olstilial  colnre  paaaes  through  the  poles  of  the  ecliptic  as  well  as 
^W  of  the  equinoctial.  Even  in  the  modern  restricted  sense  this 
'''m  js  now  lint  little  used, 

ConunenstUUble  (L.  commaitus,  "the  size  of  a  thing  in 
ffijiortioii  to  another").  QuButitiea  are  said  to  be  oonimensurable 
'liui  they  cau  he  expressed  oa  an  exact  multiple  of  a  common 
""■dametitsil  unit :  thus  a  iiuarter  of  an  inch,  aa  inch  and  a  foot,  are 
'nnmenaurable.     Opposed  to  Incom mensurable. 

Compass. — The  compass  is  simply  au  instrument  which  utilizes 

te  directive  power  of  the  magnet ;  its  furiiis  are  various,  according 

Id  Lbe  asBi  il  is  intended  to  serve.     Its  applicability  for  the  purposes 

^Of  navigmtiou  seems  to  have  been  recognized  in  Eastern  Asia  long 

»  seaman  in  Europe  knew  its  value.     It  was  adopted  in  the 

Afedit«rran«n  about  the  thirteenth  century.     The  compass  fitted 

le  on  board  ship  is  called  "  The  JUaTiiier't  Compati ;  "   and, 

•coording  Ui  the  purposes  it  is  specially  adapted  for,  it  is  named 

te  Steering  Compass,  The  Standard  Compass,  and 

18  Azimuth  Compass. 
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Oompaas,  Binnacle  or  Steering.- The  "BBedla' 
nugnstiud  bar  of  ateel,  or  >  syslHtii  of  luali  ban,  ia  Ktt»ched  t« 
unilsr  side  □£  the  uirouUr  c»nl  which  repreieata  the  boruou,  uid 
which  is  grulu&teit  witli  the  rliumbi  of  the  harizon  or  poiata  of  the 
oompaaa,  the  Dortb  end  or  "pole"  ot  tike  ueedle  being  fixed  under  ItiM 
DtKtb  point  of  the  card.  Thia  ineedle  and  card]  ia  then  bahuiced  on 
K  fine  poiut  which  riaoa  from  tho  bottom  of  a,  bnuB  bowl,  protected 
by  a  ixivoritig  of  gloaa.  Th«  bowl,  properly  weighted,  is  hung  ia 
"gimbitla,"  so  as  tu  retAiii  a  horixontal  position  ouriDg  the  ruliing 
ftnd  pitching  of  the  iliip ;  on  the  inside  of  tt  ia  a  mark  uaU«d 
"  Lubber's  Poiut,"  and  when  the  steering  iHiinpass  is  property  plaoed 
in  ita  poaitiou  tthe  aliip  being  npright),  a  line  pauing  through  the 
pivot  and  thia  point  ia  fore-und-nft,  or  parallel  to  the  beel  of  the 
ahip.  The  ■' binnacle,"  aJnpted  for  prol«ction,  mid  furnished  with 
Buitsblc  lampa,  receives  Ihu  whole.  The  biniiiicle  in  some  compMaet 
ia  aim  furnished  with  a.  syeteni  of  com penan tors  or  "  corrisctors  "  for 
rvducing  tJie  daviations.  Such  iuitrutnents  are  those  patented  by 
Sir  VVIIliam  'i'hoiQson  and  liy  Lieutumuit  Peicbl,  of  tlie  Imperial 
Austrian  Navy.  Ships  have  one  or  two  permaueutly  fixed  binnacle 
compoases.  In  steering  the  ship,  the  object  of  the  hellnaman  ia  Id 
keep  tlie  keel  in  the  direction  of  the  cnurae  prescribed  to  him  :  to  this 
end,  >8  the  compass  card  "travels"  with  the  needle,  that  point, 
marked  on  the  card,  should  be  kept  coincident  with  the  lubber's 
point  on  tho  bowl.  Thii,  however,  is  only  the  generAl  principl*  ef 
steering.  The  binnacle  coinposa  ia  to  be  regarded  solely  as  aguide  U> 
the  helmsman,  who  bos  bis  directions  given  to  him  by  the  officer  of 
the  watoh.  The  officer  has  oonalantly  to  attend  to  the  indicationa 
of  the  standard  oompasa,  whiuh  he  Irouelatw  into  the  corrocpondiiig 
dimctionn  for  the  helmBmun  at  the  ateering  conipoaa. 
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Compose,  Liquid,— The  olilest  kuowu  {orm  of  the  Mariner's 
CompBLM.  Ai  early  as  2400  B.C.,  there  a  evidence  thai  the  Cliineie 
wer«  icqiULiBted  with  the  directive  property  of  tiie  lottdsti 
otUiMd  it  for  traveltiug  ;  bat  tradition  does  nat  describe  Ihe  detaiU 
o(  the  ancient  iiulrmnent.  First  eniployud  by  tbe  Viltinga  of  Norway, 
ikbnul  tbe  ointb  century  of  our  era,  the  mnriuer'i  compass  t>eunni«  4 
pretty  generally  known  in  Europe  in  the  tliirteeuth  century, 
poem  of  tbat  period  tells  US  tUiit  a  needle  touched  with  the  'ugly 
bTDWnish  atone"  was  flonlc^il  on  water  by  a  straw.  [Sae  Popular 
Utturr*  ami  Ad^trr^iax  \\.\..  III.,  Bv  SlK  W11J.IAU  TaoisuN]. 
What  waa  a  necessary  expedient  before  the  discovery  of  the  art  of 
peoaing  the  needle  on  a.  pivot  huB  been  reverted  to,  in  the  present 
advanced  sUte  of  sciencG.  in  conjunction  with  the  pivot,  u  the 
form  Iwst  adapted  for  certain  purposes. 

The  liquid  coropaiia  ii  specially  suitable  for  bout  service  where  . 
Itie  airuiging  of  the  cards  ol  other  deacriptioua  leu^Iurx  tlieni  useless  ;  I 
is  pKTticuUr,  it  is  the  only  form  that  has  answered  in  1'orpcdo  bi 
■ail  TorpiMlo  boat  Destroy ei-a.  Their  construction  obviates  the  eOeota  1 
0(  llie  severe  vibration  experienced  at  high  rates  of  speed,  and  the  I 
peculiar  'sceudiiig  motion  of  such  boats  in  a  acaway. 

Tbe  uharauterislic  feature  is  the  substitution  of  a.  denser  mediUDi  I 
llun  «ur  in  the  bowl  in  which  the  card  acta.      The  liipid  is  a  mixture  I 
ol  diitUled  water  add  pure  spirit  of  wine,  tlie  spirit  boiug  added  ti 
guard  againat  freeiiug.      Wben  arctic  cold  haa  to  be  encountered, 
imdnnt"!  spirit  >*   used,   in  which  cose  the  card  tuust  be  mode  of  | 
barti  «DanicL      In  ordinary  caieu  a  mixture  of  one  part  of  epirit  U. 
Iwo  ui  water  is  Hiuployed.     The  compass  liowl  is  completely  filled  I 
witli  tbia  Ixiuid,  in  which   the  card  iiiovea  freulj.      Twu  i^e«i^ 
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are  secured  by  this  means.  First — the  pressure  and  consequent 
friction  between  cap  and  pivot  is  diminished  and  minimized  by  a 
boyant  chamber  or  float  below  the  central  portion  of  the  card :  thus 
the  instrument  is  rendered  very  sensitive  to  magnetic  forces. 
Secondly — the  friction  of  the  liquid  prevents  the  card  being  disturbed 
by  the  tremor  in  the  vessel's  hull  when  running  at  high  speed  with 
powerful  engines  or  by  the  violent  motion  caused  by  a  heavy  sea. 
Under  such  circumstances  stecuiitiess  is  secured. 

The  bowl  is  so  completely  filled  with  the  liquid,  from  which  the 
air  has  been  exhausted  by  means  of  an  air  pump,  as  to  leave  no  air 
bubbles,  and  then  accurately  closed  with  screw-cap  and    washer. 
But  the  actual  dimensions  of  the  bowl  and  the  volume  of  fluid  it 
contains  are  constantly  varying  with  every  change  of  temperature 
and  as  these  variations  are  different  their  relation  to  each  other  is 
altered.      A  compensating  arrangement  is  therefore  attached  in  the 
form  of  an  elastic  chamber  of  corrugated  metal,   like  that  of  an 
aneroid  barometer,  into  which  any  superfluity  of  liquid  can  pass  from 
the  main  chamber,  or  a  deficiency  can  be  supplied  through  connecting 
tubes.     It  is  very  important  to  protect  liquid  compasses  against  the 
rays  of  the  sun,  especially  in  tropical  climates,  as  excessive  and  rapid 
expansion  of  the  liquid  may  involve  breakage.      When  necessary  the 
liquid  may  be  withdrawn  or  replenished  in  the  bowl  through  a  filling 
hole  appropriately  fitted  for  the  purpose. 

In  the  liquid  compasses  constructed  by  Messrs.  Dent,  according 

to  the  plans  and  details  drawn  up  by  Captain  Ettrick  \V.  Creak, 

R.N.,  F.K.S.,  .^aperintendent  of  Compasses,  Hydrographic  Depart- 


nt,— the  Card  e  c  i»  a  mica 
dUc  tad  i»  inpporteil  on  a.  point 
pivot  the  Bctiial  bearing 
turbiet  of  which  is  a  piece  of 
,ive  alloy  of  Iri.Iiuin.  the 
iDmleot  meul  known.  The  card 
I  provided  with  ii  higlily  pol- 
iilied  npphire  c»p  liollowed  nut 
Ut  nuiotain  a,  central  positioti 
on  the  pivot  'I'he  mngnetie 
nsedle*  are   cncloie^l    in    hrsaa 

CMWB  faenneticaily  sealed,   n,  n,  anil  below  Iht-  central  (xirlioii  uf  ths  1 

okrd  b  the  huogtint  ehambtr.  C,     This  chotnliei-.  the  ncallcs  and  tha 

ckp,  are  permanently  atlAclieil  to  the  Hitc  on  which  tlie  cArdiiinl  and 

rtiDitib  point* are  painleil,  the  wholeeoUectively  (ormiog  the  complete 

I   "eani."    The  point  of  suspeiuion  of  this  is  above,  and  it«  centre  of 

^^Mgly  below,  the  centre  of  flotation  in  tite  lifjuiit  contained  in  the 

^^^^^^tkambrr.       Connected  vith  tliin  is   llio  fjrjiaii'lim  diamlirr,  r, 

^^^^^fcowa  abcwiug  one  of  th«  three  passagei  by  nhicli  the  liquid 

^^Bfaiuto  and  out  of  the  main  chamber  as  the  temperature  changee. 

tUlow  in  the  Hcrew  coonexion,  »,  liy  whiuh  the  etpansion  i^hnn 

diatentled  to  the  reqnired  extent  when  the  Imwl   needs   retillini 

ar»un>l  thin  is  leatl  Inllast  attached  to  the  false  iHittom  of  the  IhiwL  ] 

These  RtandarJ  liquid  compnues  for  Torpedo  Itoat  destroyers 

•applied  with  an  azimuth  circle,   designeil  with  a  special  view 

taking  bearings  (|uickly  in  a   DLjiidly  moving    vessel.      Tlie  prl 

kmngemenl  is  also  fittetl  so  that  the  compass  may  he  rea<li1y  freed 

from  the  oharuring  efiecta  of  spray  and  n 
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Compass,  Standard. — (I.)  That  instrument  on  board  ihip 
which  is  recognized  as  the  authority  to  which  the  indications  of  the 
other  compasses  are  referred.  Its  position  is  carefully  selected  with 
a  view  to  its  being  as  free  as  possible  from  the  disturbing  influences 
of  the  ship's  magnetism ;  it  is  adjusted  and  compensated,  and  the 
deviations  are  ascertained  and  recorded  in  a  Table  of  Deviations  ; 
and  the  courses  entered  in  the  log  are  those  which  it  would 
indicate. 

II.)  In  a  naval  service,  by  the  Standard  Compass  is  alsa 
imderstood  the  officially  authorized  compass,  and  we  may  refer  ta 
those  in  use  in  the  navies  of  Enfjland^  France,  and  Ainerica. 

1.  lu  1837,  the  Lords  Commissioners  of  the  Admiralty  appointed 
a  committee  of  scientific  and  practical  men  to  consider  the  subject  of 
ships'  compasses,  and  the  instrument  constructed  by  them  is  used 
as  the  standard  in  the  navy.  It  answers  the  purpose  of  a  steering 
compass  and  an  azimuth  compass. 

The  howl  is  of  stout  copper  with  a  view  to  calm  the  vibrations  of 
the  needle,  and  the  intersecting  point  of  the  axes  of  its  gimbals  is 
made  to  coincide  with  the  point  of  suspension  of  the  card,  and  also- 
with  the  centre  of  the  azimuth  circle.  The  bowl  may  be  released 
from  the  ordinary  gimbal  suspension  and  hung  in  vulcanized  india- 
rubber,  in  case  of  great  oscillation  arising  from  powerful 
engines. 

The   mafjnetic  needles  employed  are   compound  bars,   formed  of 

jAmin:e  of  clock-spring  steel,  which  is  capable  of  receiving  the  greatest 

majriwtic  power.      Each    card   is  fitted  with  four  needles,  fixed 


I  ths  oard  :  the 


ofc 


ou  a  light  frumework  o  hrasi  i 
itml  neetllea  are  each  T'3  im 


long  nniJ  the  pair  of  ezternst  ohm  each  53  inchas  ;  th 

tlie   p»tr»  of  needles  are  raapeotively  15°  anil  45"  from 

ot    the    diameter    of    Che  card   which  is  parallel   to   thum       Thia 

•rrvngement  reiidera  the  action  of  the  card  uiiiform ;   the  needles 

being  (1)  ansnged  aa  to  give  eijilal  niomoiitsot  inertia  for  all  diametara 

of  tbe  ckrd  when  vihrated,     Bulaaciii)-  alidci  are  attacheil  to  adjust 

(or  •lt«nition  in  dip. 


T)ie  oir'if  it  (armed  of  a  mica  plate,  on  vbich  the  paper  ia  cemented 
before  the  Impreaalon  of  the  rhumha  ia  made  ;  distortiona  from 
•hrlnking  hein^;  thiii  pru vented  ami  a  more  perfect  centering  attained. 
Two  cartU,  A  and  J,  are  auppliad  with  each  compasa  ;  the  former 
bcitig  that  io  onlinary  use,  the  latter  heing  eulistitiiteil  [or  it  in 
■tonny  weather,  when  the  ship  is  subject  to  much  iQotion,  The 
whole  weight  of  the  lighter  card  A,  with  framework  and  needlea,  is 
ISUgnJna. 


Piviit»  »re  famished  adapted  for  use  with  tlie  two  cards.  For 
Mrd  A,  two  pivot-pointa  are  supplied  tipped  with  "  native  alloy," 
which  ia  harder  than  steel,  and  doe*  Dot  corrode  by  exposure  to  tlia 
•itmoapliere,  and  two  spare  pivots  pointed  with  hardened  steel, 
vkclricailly  gilded.  The  pivot-caps  are  of  ruby  or  agate.  For  card 
J,  two  pivot-points  are  supplied  which  are  ruby  tippeil ;  the  pivot- 
eap  ii  coaUHl  with  apeculiim  metal.  There  is  an  apparatus  at  tha 
■ide  of  the  bow!  for  lifting  Uie  card  off  the  pivot  to  preserve  it  from 
injary  whuii  moving  the  coinpius  or  exercising  lic&vy  gaa>. 


I 
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The  magnetic  axis  of  the  needles  points  to  the  zero  of  the  card  ; 
the  various  adjustments  for  centering,  and  the  elimination  of  errors 
due  to  the  displacement  of  sight- vanes  and  of  prism,  are  all  carefally 
made  at  the  compass  observatory  at  Deptford. 

[See  "Instructions  for  the  Use  of  the  Admiralty  Standard 
Compass/'] 

2.  The  standard  compass  in  the  United  States  Navy  is  JfUckie's 
Liquid  Compass.  Tliis  consists  of  a  skeleton  card  mounted  on  a 
pivot,  and  having  the  bowl  filled  with  a  liquid  composed  of  thirty- 
five  parts  of  alcohol  and  sixty-five  parts  of  distilled  water,  the 
freezing  point  of  the  mixture  being  10°  F.  For  arctic  voyages  pure 
spirit  is  used.  The  needles,  two  in  number,  consist  eacn  of  six 
laminae  of '*Stubb'8  Sheet,"  a  steel  of  uniform  excellence  and  high 
magnetic  capacity.  Each  needle  is  6^  inches  long,  and  weighs  a  little 
less  than  two  ounces.  These  needles  are  enclosed  in  two  tubes  placed 
parallel  to  the  N.  and  S.  line,  and  connected  at  their  centres  by  a 
third  tube  ;  this  last  supports  the  cap  upon  which  the  card  is 
pivoted.  These  tubes  also  serve  as  air-chambers  and  give  great 
buoyancy  to  the  card.  One  point  of  excellence  in  this  compass  is  the 
very  small  amount  of  friction  on  the  pivot. 


3.  In  the  French  Navy  the  regulation  compass  is  Duchemin*. 
The  magnet  consists  of  two  eccentric  circular  magnetic  rings  with  a 
diametrical  bar  connecting  the  poles.  The  maxima  of  the  magneti- 
zation of  the  rings  are  at  the  N.  and  S.  points,  and  the  power 
diminishes  gradually  to  zero  at  the  £.  and  W.  points.  The  card  is  a 
star,  with  eight  points  carrying  a  rim  with  the  intermediate 
^TndaAtions.  One  good  feature  of  this  compass  is  the  great  fixity  of 
tJlie  /ineg  of  its  poles. 


loi 


Compass,  Azimuth. — A  uompiuB  of  very  auperior  • 
.ractiaa,  epecislly  fitted  for  taking  bearingB.  On  bo«rd  ship  it  il 
BKHiDtcd  an  a  Btuid  in  a,  commanding  position,  ho  that  an  nbierrer 
n  iwcep  the  horizon.  Ita  characteristic  feature  ia  the  employment 
of^  «  gUii  prism,  the  interior  surface  of  one  of  the  faces  i 
irror  in  which  is  seen  by  reBcclion  either  the  graduation  of  the  cord 
;  iJie  object  observed,  while  the  other  is  viewed  directly,  thns 
famishing  the  means  of  reading  off  conveniently  and  accurately  tlie 
uimadi  of  the  ohject.  Two  arrangements  for  the  purpose  linve  been 
■iied:  (I)  ring  carrying  vanes  and  prism;  (2)  tube  carrying  lens 
anil  prism.  The  former  is  the  form  of  the  old  atniidsnl  compaas  used 
for  about  30  years  in  the  Royal  Navy  :  the  latter  is  the  plan  invented  l 
by  Sir  Wittiam  Thoinsou,  whose  comjisjis  viai  HdopttA  in  188!)  as  tb 
•Ijuidard.      A  detaile<l  description  of  these  two  iiistninieiita  fuUowB, 

Compass  with  sight-vsnea   and  prism. — I'he  sight- 1 

naea  anil  prism  are  carried  on  the  detaciied  rim  of  the  c 
ccoitatiung  tlie  compass  card  with  which  it  is  concentric.  This  circlft.1 
all  independent  horizontal  motion  round  it«  centre.  The  pair  o(  I 
atght-vaJies  are  fixed  npon  it  with  hinges  diametrically  opposite  to 
ST.  Tlie  "object- vane"  (0)  is  an  oblong  frame  having  a 
Uimd  or  wire  etretclied  along  its 
middle,  by  wliich  the  point  to  be 
otMMTed  is  tiit«rsected.  It  is  also 
(oniished  with  a  reflector  \R),  which 
by  »  hinge  can  he  it irecUi]  either  lielow 

r  above  the  horizontal  plane  passing 
Ihrvagli     the     otiserver's    eye.       This 
■ntUa  tha  otnerver  lo  take  the  bearings  of  objects  ntnch  l>elow  andl 
Ab«*«  hi*  own  level.     The  ■'  eye-vane  "  (E)  conaials  nf  ^  plivM  UvJXnM^ 
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a  very  narrow  slit,  which  forms  the  sight  through  which  vision  is 
directed  in  taking  an  observation,  the  "line  of  sight"  pamiing 
directly  over  the  centre  of  the  compass-card  This  slit  is  enlarged  at 
its  lower  extremity  into  a  circular  hole,  through  which  the  grad- 
uations of  the  compass-card  are  read  by  reflection  in  a  prism  (P) 
attached  to  the  vane.  The  plate  in  which  this  prism  is  fixed  slidea 
in  a  socket,  and  thus  admits  of  being  raised  or  lowered  »a  required. 
Distinct  srision  of  the  gra<luation  of  the  compass-card  is  thus  obtained  ^ 
and  if  the  slit  of  the  eye- vane  be  brought  immediately  over  any 
division,  that  division,  as  thus  seen  by  reflection,  will  appear  ta 
coincide  with  the  thread  of  the  object-vane,  which  is  viewed  directly. 
The  eye-vane  is  furnished  with  set  of  dark  glasses  (S),  to  be  used  as 
shades  wlien  the  sun  is  the  object  observed.  The  compass-card  is  very 
carefully  and  minutely  graduated  ;  l)e8ides  the  points  and  quarter- 
points  being  marked,  the  circumference  over  which  the  prism  passes 
is  graduated  in  degrees.  an<l  usually  cut  to  every  twenty  minutes ; 
and  this  graduation  is  arranged  so  that  we  may  read  off  the  l»earing 
at  once,  and  is  reckoned  in  more  ways  than  one,  for  facilitating 
taking  bearings  from  different  cardinal  points.  The  card  can  be 
brought  to  a  rest  by  a  stop  (T)  in  the  case,  but  this  is  not  generally 
used  in  taking  bearings  at  sea.  The  compass-card  often  has  some 
motion  on  board  ship,  and  the  card  may  not  be  stopped  exactly  in 
the  middle  of  its  vibration,  which  is  essential  to  a  true  results 
Instead  of  using  this  mechanical  contrivance  to  obtain  accuracy  in 
reading  off,  dependance  is  rather  placed  on  celerity  of  observing ;  the 
mean  of  two  or  more  observations  taken  quickly  furnishes  the  meet 
reliable  result.  There  is  also  a  contrivance  for  throwing  the  card  oft 
its  centre  when  the  instrument  is  not  in  use,  to  prevent  the  fine  pivot 
be/ng^  worn,  and  the  senBibility  oi  the  instrument  being  impaired. 
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Compass,  Lord  Kelvin's  (Sir  WlUiain  ThomBon'B),— 
ihit  campus  ia  tlia  matured  oatcome  of  tlie  prmoijiles  workei!  out  by  ^^M 
SirO.  B.  Airy,  the  Astronomar  Royal,   in  1840,  for  the  cnrreetion  rf  ^H 
<«mpMaea  iu  iron  ahipa.      The  fdllowiog  is  abBtracteil  from  Lecfiira  ^^M 
dttiMrr.1  at  Ibr  Biiijal  Uiiitr,l  Srjviee  InHilullon  on  Feb.  4tb,  1878,  lUid    ^^ 
May  10th,   1880  (See  Journal  Vol.  XXn.,  No.  M,  and  Vol.  XXIV.. 
No.   lOG) !  Add  from  Poimlar  Ltcturtt  aud  Addrtmri  Vol.    in,    by 

three  headitiga :  (1)  l^ecompBM-cardlineludiagmagDetHamlfiUuigB) 
uid  its  bowl  T   (2)  The  binnacle  with  Ilia  appliaocea  for  compenialiug 

^^^Bn;  Compufi  e«rd  (iacladhig  mayntU  andfUin.jKl  ami  ill  fco.ot     ^M 
^Iraject  being  to  obtain  the  greatiat  amount  of  steadmeas  of  the 
eronliHBS  at  sen,  imd  liest  adapt  it  for  the  perfect  correctioD  of  the 
error  due  lo  the  iron  and  cargo  of  the  abip,  the  principles  of  ita 
(XautraclioD    are   stated   lo  be— (I)    For   steadiness    a    very    long 

oeedtea  to  allow  the  coiTection  to  be  accurate  on  all  coorees  of  the 
«hip  lor  the  pkoe  where  the  adjustnient  ii  mode  :  (3)  (-mall  enough 
iMgnetic  moment  of  the   needlei   to  allow    the   correction   of  the 
qiuwlmutal  error  to  remain  accurate  to  whatever  part  uf  the  world 
Uia  al»p  mar  go."     "The  vibrational  period"  is  the  time  the  needle 
l»kea  to  perform  a  complete  vibration  to  and  fro,  when  deflected 

lo  itwK  to    nbrate  freely.       -'The  magnetic  moment"  i«  what  i« 
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Eight  iniAll  ueedles  of  thio 
■tvel  wire,  fruin  3|  to  2  inches 
long,  weighing  in  kll  54  grains, 
ftre  fiiEil  (tike  the  steps  of  » 
ro|ie-la<lder)  on  two  pkrallol 

I  «ilk  threads,  sjid  slung  from 

'  >tighl  nluininium  circular  rim 
of  10  in>.-hea  diameler  by  four 
■ilk  thr«adB  through  eyes  in 

'  tha  fuur  ends  of  the  outer 
p»ir  of  neeillea.  The  nhiin- 
iniutn  is  coiinucted  by  thirty- 
two  stout  >ilk   threula,    the 

■pokes  u  it  wore  of  the  wheel,  with  an  nluaiiuiuni  disc,  ftbonlfl 
size  of  k  fourpeiiny -piece  ;  forming  the  nave.  A  small  invertaJ  onp, 
with  Hpphire  crown  and  aluminium  tides  and  projecting  lip,  fit* 
through  a  hole  in  this  disc  and  supports  it  by  the  lip :  tile  cup  i* 
borne  by  its  sapphire  crown  on  a  Gne  iridium  point  eolderad 
to  the  top  of  a  thin  bras*  wire  supported  in  a  socket  nttncheil  to  th* 
bottom  uf  the  compass  bowl.  The  aluminium  rim  and  thirty-two 
eitk-thrcmd  apokes  form  a  circular  platform  which  bears  a  tight  cirele 
of  paper  constituting  the  compass  oard  proper.  For  tlie  sake  of 
lightness  a  circle  of  6  inchi^B  diameter  is  out  away  from  llie  uiiddle  of 
the  papvr,  leaving  an  annular  band,  2  inches  broad,  on  which  arc 
eogmvcil  the  points  of  the  compua  and  a  circle  divided  to  degrees. 
The  paper  ring  is  cut  across  in  thirty-two  places,  midway  between 
the  silk-tliread  spokes,  to  prevent  it  from  warping  the  aluminium 

nor  bjr  the  shrinkage  it  experiences  when  heated  by  the  sun.     The 
entire  weight   of  tfie  Cftrd  (includu^tim,  needles,  nave,  cap,  p«per 
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j>a 


thruula)   ia   al>out   170  grains.      To  obtain  ateudLuesH  of    tlte 

tiMM  ill   ve«BoU  of  war  during  goo-Gre,  Euid  in  Hteanien  generally 

^tiich  tbtire  is  gre»l  vibratioD,  due  Co  the  norkiug  uf  the  engines, 

""**.  and  other  coUHbh,   the  suBpcnBion  is  by  moans  of  a  brass  spriug 

'*^nd>liim;a  rope  grummet,  but  withelitslic brass  wire inaCead  of  tlie  rope 

'''^rU,       The  oomjiaiis-bowl  la  aiiapeniled  troiii  the  Hbiatii:  i 

of  a  rigid  gitnbul  riiij;.  The  elustiu  ring  htui  two 
"'^eli  fixed  at  the  ends  of  il  diameter,  which  rests  on  two  btills 
'^cheil  to  the  brass  rim  of  the  liiniwcle  stand.     The  elasticity  of 

nitigatM  the  effect  on  the  knife-bilges  bearing  tbe  gimbal    [ 
^%  and  bowl,  and  on  the  point  bearing  the  aompaea-cnrd,  of  vertie&I   j 

1  of  the  platform  on   which  the  binnacle  resia.     The  knife- 
^*gei  of  the  gimbal  ring  are  supported  on  two  grooved  stirrups,  hung   j 
V  cbkitl*  from  the  eiotitic  rings.      This  suspension   mitigates   tbe  J 
4  the  boriwDlal  tremon  of  the  platform. 

anaflt  utilli  u/ijilinncei/or  curreeliny  Iht  eomptua  crrora, 
I  uont&iua  all  the  mechanical  appliances  for  realizing  il 
m  the  principles  of  correction  disuovared  by  Captain  Flinders, 
I  ia  1801.  fPliil.  Tram.  1805,  ;-  187A  and  Sir  George  B.  Airy,  ii 
Tbe  caaentialcharacterialicnf  the  binuacle  is  not  only  tbat  it  ci 
I  mthtu  Itself  all  the  correotuni.  but  that  this  is  done  in  such  a  i 
j  M  to  furnish  the  means  lor  making,  with  ease  and  ocrt^iinty,  the  i 
I  proper  changes  in  tbe  adjustment  of  the  correcting  magneta  whenever 
ItMrvation  sbewa  chauge  to  he  necessary. 

The  iborliteBs  of  tb«  compass  needles  and  their  small  magnetio 
MMeat  permit   tbe  complete  correction   of  the  ■luadraalat  frrof.   | 
foe  by  a  pair  of  uumagnetic  iron  globes.  ;;  <;,  (solid  or  hollow)   ] 
qubittc  lite,  which  cut  by  appropriftte  fittings  Vw  \iW«3l  oaS 


fixed  once  for  all  in  proper  positiuiia  uu  liiu  biuaacle.  □□  the  ■tarbou'd 
tuld  port  sides  of  tbe  compuju,  at  equal  •iialaoces  from  the  centra  of 
the  card.     When  bo  placed  no  change  for  thU  adjiutmenl 


/  for  the  aaiiio  ahip  and  the  Bame  posilion  of  the  ci 
it,  except  in  the  case  of  same  changes  in  the  ihip'a  iron,  or  Iran 
cargo  or  ballast,  sufficiently  near  the  compiwu  to  lensibly  alter  the 
quftdrantal  error. 

The  part  of  the  aemieiraili'r  nrror  which  IB  caused  by  the  aubpem- 
KDent  magnctiam  of  the  ship  ib  corrected  by  bar-magneto  in 
•ymmelrically  placed  lung  horizontal  holeBthwartahipandfore»nd-»fl 
within  the  hiunaclc  ;  And  the  pnrt  of  the  error  arising  from  verticsl 

h^liMlillHiillliiaiiiiiiiJfel 


bimucle  ouUide  ou  the  fore  or  nft  siile.     The  corrector'tnttgnetB  pi^ 
rid«d  [or   the  lU-inch  compua  are  rounil  Inrs  of  glasa-h»rd  steel  9 
inubes  long  and  -4  of  lui  inch  or  '2  of  an  inch  diameter.     Kuch  magiiet 

I  paiutod  blue  iit  ooe  lutlf  of  its  leiigLb  and  red  in  the  othci 
roitrk  the  end  potseraing  the  ume  kind  of  tnagnetism 
nrth's  norlb  utd  south  polar  regions  The  fore-nnd>afc 
b(il«*>  m,  m.  are  in  two  vertical  rows  at  eqiinl  distttaces  of  about  S 
bw  from  the  middle  of  the  blnoode.  The  athwnrtAhip 
M,  n',  are  iu  one  vertical  row  >I)out  tlie  name  distance  forward  or 
■ft  tram  the  centre  of  the  binnacle.  Tlie  holes  in  each  vertical  seals 
■paced  to  give  equal  augmentation  or  diminutiot 
to,  wben  one  of  tho  corrector- magiists  is  sliifted  up 
•  to  hole  in  order.  Tbew  are  marked  with  numliei-a  proportional' 
to  tb*  earrt«pouding  corrective  force.  A  port  of  the 
ror  aiioec  from  tJie  component  of  the  iliip'a  horiEonlal  force 
aijWM  which  is  due  to  mugnelisni  induced  by  the  v 
iDiponelit  of  the  lArreetrial  inagneCic  forr;e.  This  is  corrected  lijr 
what  is  called,  oiler  the  inventor,  a  Flinders  bnr,  F.  That  whiuh  i* 
aopplied  is  a  round  bar  of  soft  iron,  3  inches  in  dlani 
whatever  lenglb  of  from  G  inches  lo  24  inclieii  u  found  to  Iw  propeFi 
for  Ibe  actual  position  of  the  compass  of  any  [lartiaular  ship.  Ti>: 
lie  np  the  proper  lengtli  it  ia  suppiied  in  pieces  of  12  inchei, 
Mh««,  It  inchea,  and  two  piccei  of  J  of  on  iuch.  In  luukiiig  np 
Uie  proper  leii^h  the  longest  piece  should  be  u[>|)eruiost  and  tJl«'; 
oMten  belo*  11  Iu  order  of  their  lengths,  The  weight  ot  the  bor 
au)>ported  ou  a  noodoD  roluinu  or  bar  resting  on  a  jwdestnl  fixwl  lo^ 
tlie  tiiiiDBclc  near  ita  foot,  thia  wooden  liar  bviug  cut  to  such  alungthf, 
•0  nude  up  uf  pi«i:es.  an  to  give  the  proper  livight  tu  the  nppC9>- 
«nd  of  the  iron  bar,     Tlie  coin|>ouiid  column  of  iron  and  wood  lake^b 
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in  position  and  protected  from  rain  and  spray  by  a  braM  tube  with 
upper  end  closed,  going  down  over  it.  The  Flinders  bar  is  placed  in 
the  fore-and-aft  midships  vertical  plane,  on  the  fore  side  ofUie 
binnacle  when  the  north  point  of  the  compass  is  drawn  towards  the 
stern  by  the  vertical  soft  iron,  and  in  the  middle  of  the  aft  side  when 
the  north  point  is  drawn  in  the  contrary  direction. 

The  heeling  error  is  corrected  by  three,  two,  or  one  bar-magnets 
in  a  brass  can,  A,  hung  by  a  chain,  by  which  it  can  be  moved  np  and 
down  and  secured  in  any  position,  in  a  brass  tube  fixed  in  the  centre 
of  the  binnacle,  under  the  compass  bowl.  The  part  of  the  heeling 
error  which  depends  on  magnetism  transiently  induced  by  the 
vertical  component  of  the  earth's  magnetic  force  is  always  partially, 
and  may  be  wholly  corrected,  by  the  globes  and  the  Flinders  bar. 
The  heeling  error  on  the  east  and  west  courses  is  wholly  corrected  by 
the  Flinders  bar. 

3.  The  Azimuth  Apparatus  for  taking  Bearings,  This  may  be- 
described  as  follows. — **  A  tube,  so  placed  that  an  observer  looking  down 
centrally  through  it  sees  the  divisions  on  the  compass  card  beneath, 
is  supported  on  a  frame  resting  on  the  cover  of  the  bowl,  and 
moveable  round  a  vertical  axis.  In  Ihe  tube  is  fixed  a  lens  at  such  a 
distance  from  the  compass-card  that  the  degree  divisions  of  its  rim 
are  in  the  principal  focus.  At  the  top  of  the  tube  a  prismatic  mirror 
is  mounted  on  a  horizontal  axis,  round  which  it  can  be  turned  into 
different  positions  when  in  use."  The  mirror  covers  about  one  half 
of  the  top  of  the  tube,  and  may  be  turned  on  either  the  upper  or  lower 
half.  The  former  is  its  position  in  the  first  and  principal  method  of 
observing,  in  which  the  object  is  seen  by  reflection  as  in  the  cameim. 
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lucida ;  the  latter  ifl  iU  posilion  when  reversed  for  the  second  method 
of  observing,  in  which  the  graduatioas  of  the  card  are  resd  by 
T«flectiOD,  ai  they  are  in  the  old  azimuth  oonipoHa  with  circle  moimtad 
priam.  The  priGm -mirror  ii  fumighed  witli  shaclcs  aod  bolsiaciiig 
Appendages. 

When  taking  a  bearing  by  the  first 
method,  the  ohMrver  tDma  the  instm- 
Bent  round  its  vertical  axii  until  the  O^ 
mirror  an<1  lena  are  fairly  opposite  to 
tba  object.  He  then  looks  through 
the  lens  at  the  degree  divisiona  of  the 
oompaa  card,  and  lums  the  mirror 
roond  ita  horizontal  axil  till  be  brings 
the  image  of  the  object  to  fall  upon  the 
card  ;  and  thus  is  enabled  to  read 
directly  on  the  card  the  compass 
bearing  of  the  object.  Id  the  instru- 
meat  as  constincted,  the  focal  length  of  the  lens  is  chosea  to  suit  an 
altitude  of  27*  or  theraabouU ;  but  the  error  involved  for  bearings  of 
von   or  stars  at  altitudes  of  from  0°  to  50°  or  60°  is  praotioally 


The  seoond  method  of  observing  is  by  looking  direct  at  the  object 
over  the  top  of  the  priam,  which  is  now  kept  turned  (arrow  head  on 
Uutmb-screwa  down)  with  its  mounting  stopper  against  the  [rams 
work.  Aa  before  the  observer  turns  the  instrument  bodily  round  its 
Tcrtickl  axis  till  the  piism  and  Ions  are  fairly  opposite  to  the  object. 
noipUciJiK  his  eye  so  as  tosee  tlie  object  over  th«pmvn,^i«*Aft 


1I« 

■^1 

its   bearing  from  the   compaas  card,   the  degreM  of  which  lire  aeea 
refleetfld  in  the  prism.      Thi«  method  u  appUcable  to  objocta  on  tlia 
borizon,  aud  is  more  particularly  useful  far  taking  bearing!  of  dinuk 

The  advantageii  of  the  iastrumeat  may  be  auinmed  up  aa  toQcM^^I 

1.— Ita  uae  for  taking  bearings  of  objecti  even   on   the  iiorinn 

U  not  interfered   with  by   Ibo  gloliee  coiutituting  the  quadnvntal 

WM  to  obviate  tbia  diflioulty  that  the  iustrumeut  wm  Brat  ooncwved. 

2.— It  does  not  require  any  adjustment  such  ai  that  by  which  in 
the  vanes- and- priam  compaas  the  liair  ia  brought  to  ciactly  cover  lie 
object.      The  only  turning  of  the  instrument  round  the  vertical  axia 
required  in  such  as  ia  neceasary  to  bring  the  object  into  the  fielil  of 
view,  which  ia  autEcient  to  enable  ila  image  to  be  sean  and  the  bearing 
to  be  read  off  on  the  divided  circle  of  the  composa  card.     This  is  a 

are  flying  clouda  which  just  allow  a  glimpae  of  the  sun  or  atar  to  be 
MUght  without  allowing  time  to  porform  on  acourate  adjustment. 

at  sea   when  there  ia  much  motion,  ia  that  it  ia  not  ueceaiary  to  look 

The  eye  may  be  placed   at  any  dialance,  of  from  one  inch  or  two  to 

two  or  three  feet,  from  the  compaas,  according  to  conrenience,  and  in 

any  poaitiou,  and  may  be  moved  about  freely  through  a  considerable 

'^oge  oa   either  aide   of  the  line  of  direct  viaiou  through  the  Urn, 

«fittM*j(^  diaturbinn  the  «jCtt»^^^*MJ^^^^^^J 

^"^^1 

The  LnBtniment  te  excellently  adapted  for  Ukiiig  star-azimuthB.  ^^| 

»ted  by  a  biimncIeUinp  to  any  required  degree  of  brilliftncy.  Amoderately              , 
bfight  star  is  leeo  ai  a  fine  point  on  a  degree  division,  or  between    '^^^ 
two,  the  iut«nnedial«  distance  being  eouJy  eitimated  to  the  tenth  of  ^H 
>  degree.                                                                                               H 

*  Rl)>dow-ptD.  with  which  the  liutrumeiit  ie  Sttod,  when  the  sun  It  ^^H 
bright  enough  la  give  a  good  ihodow  on  the  compui  card.                      ^^H 

OompaSB-Oard.— It   i»  moat  important  to  underatand  clearly  ^^| 

with  Mi»plane  o/t/it  horiam,  and,  by  the  power  of  the  nia^uet  which 
i>  fixed  to  it,  it  nmaiiu  elBlionary,  while  the  sliip,  which  CMrisa  ita 
piTOt,  Mvolvee  below  it.     It  may  be  regarded  then  a<  identical  with 

the  poinla  of  diviiioo  ot  the   horizon.     Radii   of  this  circle  were 
tonnerly  called  rhu^-tinu  (from  a  Greek  word  meaning  a  "whirl  "J. 
and  they  marked  out  the  direction  ol  a  ship's  couise  or  the  bearing  ^^M 
o{»r«l'iect.                                                                                    .  ^M 

L    ay/'ein(».— There»re3Spointj,«Mho!whichcoot»iiiill*iy.  ^^ 
Hm  aaBM  of  the  lour  principal,  w,aj  they  we  call^.VhftCasiiwi.          ' 

iia 
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Poiala,  us  North  (writt«ii  N.,) 
South     (S.).     East    (B.).    uid 

lb.       >''>isM  N*^  /Zv^^      A  tow»rdi    the    right  when   the 

obterver  focei  the  north.  The 
re«t  of  the  p»inte  sre  named  by 
>  combination  of  Ihew  fow 
nordB.  The  four  point*  (which 
ma;  be  called  tbe  Secomluy 
Points)  midway  betweeti  the 
Mverftl  pain  of  cardinal  points,  take  their  names  from  the  pair 
between  which  each  lies.  They  are  the  North-East  (N.E.),  North- 
West  (N.W.),  South-East  (8.E.),  and  South-West  (8.W.).  Agftin. 
the  eight  points  (which  may  be  called  the  Tertiary  Points)  nvid-wa; 
batweeo  each  cardinal  and  adjacent  secondary  point  are  named  on 
the  tame  principle,  by  compounding  tlie  names  of  the  points  between 
which  each  lies.  Thus,  the  point  half-way  between  N.  and  N.E.  it 
called  North- North- East  (N.N.E.) ;  and  bo  we  have  R.N.E.,  E.S.B., 
S.3.E.,  S.S.W.,  W.8.W.,  W.N.W.,  N.N.W.  The  remftiniiig 
■izteen  points  (which  may  be  called  the  Subordinate  Points,  or 
By-points)  are  reckoned  from  the  cardinal  or  secondary  point  to 
which  each  in  adjacent,  the  name  of  which  it  takes  qnalified  by  tbe 
name  of  the  succeeding  cardinal  point  towards  which  it  Uea.  Tbui 
the  point  next  to  N.  towards  E.  is  called  North  by  East  (N.  b.  R.), 
that  next  to  N.E.  towanla  the  North  is  called  Nortb-Eaat  liy  North 
(N.E.6.  N.)i  and  so  we  have  N.E  S.  E..  E,  i.  N..  E.  6.  S.,  S.E.  S. 
3.S.  b.  a,  8.  b.  B.,  S.  6.  W.,  S.W.  6.  S.,  S.W.  &.  W.,  W.  h^H 
JK.  jr.  Vf.  b.  W.,  N.W.  b.  'S.,  K.  &.  W.     The  point*  of  ^H 


lig^H 

(aiin[ww  are  frequently  spoken  of  with  reference  to  their  poaition  t<>^^| 

lookiDg;    thuB  N.N.E,    Ls  wid   to   be   "two   pointa  t«  the  right  (d^^| 
North;"  W.N.W.   "aU  points  to  the  left  of  north."    Ench  point  ia^^| 
again  lob-dirided  into  half-poiotB  and  qutrter- points,  nnd  these  ar^^^ 
Darned  upon  the  same  pt-inctple  aa  the  anbordinata  points.     Thus  thfl^^f 
divUion  half-way  between  E.N. E.  and  E.  b.  N.  ia  called  either  Eaat-^H 
North-Eaat  half  E^Kt  (E.N.E.  |  E.),  or  East  by  North  halfSottl,  (B.^H 
b.   N.  i  N.)     Id  chooaing  tbe  name  to  use  we  miiat  be  guided  by^H 

nmformty  from  north  or  anuth,  but  generally  the  simpler  name  wiU^^^I 

wden  to  the  belnunun.   And  similarly  for  quarterauid  three-quartan  ^^| 
Of  a  point.                                                                                            ^H 

(«n,  and  E^U  minute  sixty  aecouda  (COT  !  the  limb  being  genenklly  ^^ 
cut  bo  twenty  minutea.     This  fomiahei  a  nnUtion  for  the  «ompasB 

reckon  from  the  cardinal  pointa ;  thus,  to  iudioala  a  division  which         B 
lies  TS'  54'  30"  to  the  east  of  north,  we  write  N.  73°  84'  30"  E.              ^H 

Oompass-Oard,  Dumb.— A  cnrd  without  a  needle,  which  ca^^H 
tm  •abstitoted  for  the  regular  needle-allnched  card  in  an  azimuth  ^^^ 
«ompwa,  or  mounted  on  a,  special  stand.     It  forms  thus  a  aimple 
aximutb  instrument,   independent  of  the  magnet,  ita  purpose  being 

ta  HioUi«r  object  of  which  the  true  or  correct  magnetic  azimuth  <^^^ 
ksown.     Th»  p[«ctical  way  o/  proceeding  ia  oa  foUowa  -.— W  tVcVc^^H 
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azimuth  of  a  celestial  body  having  been  found  by  calculation  or  from 
Tables,  the  rim  carrying  the  vanes  is  screwed  to  the  dumb-card  with 
its  index  on  the  graduation  giving  the  true  bearing  of  the  heaTenly 
body.  This  body  being  then  brought  on  the  line  of  sight  at  the  tim» 
for  which  the  calculation  was  made,  the  lubber's-point  will  indicate 
the  reading  on  the  card,  giving  the  true  azimuth  of  the  ship's  head. 
(2).  Instead  of  a  celestial  body,  a  terrestrial  object,  whose  correct 
magnetic  bearing  is  known,  may  be  used.  When  a  ship  is  swung 
for  deviation,  the  dumb-card  is  thus  very  conTenient  for  bringing^ 
the  ship's  head  on  the  correct  magnetic  bearings  which  are  successively 
required.  Instruments  fitted  with  a  dumb-card  and  known  as  & 
Bearing  Plate,  and  Pelorus,  which  see. 

Oompass— I.    Imperfections,  II.   Adjustments,  IIL 

Brrors,  of  the  Instrument. 

I.  Imperfections,  or  .essential  defects,  which  should  lead  U> 
the  rejection  ef  the  instrument. 

1.  The  pivot  nmst  be  m  the  centre  of  the  graduated  dreun^erenee 
of  the  card. — To  examine  whether  there  is  an  imperfection  in  this 
point,  observe  the  difference  of  bearing  between  two  objects 
measured  on  different  parts  of  the  circumference.  If  there  be  no 
imperfection,  this  differenee  will  be  the  same  at  whatever  part  of  the 
arc  it  is  measured. 

2.  The  eye-vane  and  the  ohject-vane  mutt  each  be  verUoaL^^ 
Examine  on  shore  whether  they  coincide  throughout  their  length  with 
the  direction  of  the  plumb-line. 

3.  4.— There  are  two  other  imperfections,  which,  however,  do  not 
prevent  aorrect  results  being  obtained,  if  they  are  recognised  as 
"erron  "—which  Bee, 
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11.  Adjustment,  wliere  macliinery  is  a,tt*elied  U>  Ihe  inatru-    i 

meDt,  by  wliicL  it  may  Iw  put  into  order.                                                  ^^H 

rAc  neoile  irith   card  laiut   wort  on  ilt  pivat  horitoiilally.~-'Iht  ^^H 

unoniit  varies  in  different  places,  oml  also  goes  through  cycles  of   ^^H 
change  at  the  uune  place,  the  needle  ia  fnmiBhed  with  sliding  weights.    ^^H 
by  the  movement  of  which  it  may  iiEwayB  be  brought  to  the  harizoutaJ.    ^^H 

Ad}iut«<t  by  dropping  Beating-wai  on  one  end  of  the  aeedte.                        ^M 

in.     Brrors,    acknowledged,   and  thoir  effects  allowed  for  or     ^^M 
•liiBiiuled.                                                                                            ^M 

1.     The  dinction  nf  the  ma'jntlitnt  of  the  nratU,  or  Hit  "  magnflie    ^^H 
axit"  mtut  be  paralltl  to  thi  loivjUudinal  line  ojlht  ntedle,  which  then      ^^ 
pMllti  with  BUctneas  to  the  nittgnatic  north  and  aouth.     To  examine 
whMher  this  is  the  cue,  place  the  needle  with  its  reverse  ai.Ia  on  the 
«vd  J  the  north  point  of  the  card,  it  thera  is  no  imperfection,  wiU      ^^1 
•till  point  in  the  same  direction  lu  before,  oa  indicated  by  a  mark  ia    ^^H 
tbc  lining  of  the  box.     As  this  error  obvioiuly  affects  all  points  o(    ^^H 
Hm  eompMs  alike,  it  may  be  included  in  the  total  variation  of  Iba    ^H 
{«nlcular  compass  as  found  by  oliaervation,  and  therefore  need  not    ^^| 

■ad  »Uowed  for,  like  the  ■■index-error"  of  the  sextAnt.                            ^^H 

1           2.     Thv  line  joining  the  t'jt-Bani  and  ilMobjea-vaiie.calUdtke"  tin*    ^H 
1    ^  mgkt,"    nuuf   pau  dirretly  oivi-  the  phot.    To  tost  this,   note    ^^| 
1    oardnUy  the  bcu-ing  of  a  distant  abject,  and  then  turn  tbs  compass    ^H 
P    b«U  roond.   ao  m  to  reverse  tbe  vane  and  the  aUt,   repeating  ths   ^^| 
i     oponUon    with  Mother  object  eight  points  liom.  ttus  ^tA.  '^oft^^^ 
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be&rings  taken  directly  should  be  identioal  with  thoM  taken  by 
reyenion.  The  effects  of  this  error  may  be  elimiiiated  by  taking  the 
mean  of  the  direct  and  reversed  bearing  every  time  the  instnunent  is 
used. 

Ooxni>ass  Oorreotiona.— The  corrections  of  the  compass  are 
those  angles  which  must  be  applied  to  the  indications  of  the  instm- 
ment  to  obtain  the  reading  that  would  be  given  if  the  north  point  of 
the  compass-card  corresponded  to  the  north  point  of  the  horisoo. 
There  are  two  principal  corrections,  variation  and  deviaHon,  Variation 
is  the  disturbance  caused  by  terrestrial  magnetism,  and  varies  with 
geographical  position.  Deviation  is  a  further  disturbance  arising 
from  the  effect  of  magnetic  influences  in  the  ship  itself  which  carries 
Fig.  1.  Fig.  2. 


the  compass.  There  is  a  third  correction  sometimes  necessitated  by 
disturbances  arising  from  "  local  attraction  "  extraneous  to  the  ship, 
and  to  which  the  unappropriated  term  **  d^/Uxion'*  mi|^t  be 
specially  applied.  Omitting  this  last,  the  manner  in  which  thess 
corrections  are  applied  will  be  best  seen  by  drawing  lines  to  represent 
tihe  eampam  north  and  south  line  or  meridian  N^  Sr»  the  magnetiio 
mmdUa  Nm  Sm,  and  the  true  mendissx  Kt  S<.     The  variation  b  tlM 


1                                                                               L-OMPASS.                                                              123 

between  it„  S„  unH  N,  Sc.      To  deduce  the  true  from  the  compua      ^M 
wnwe  or  boaring.  N^  Sc  (fig.   1)  is  first  drawn  ;  then,  according  u      ^M 

Again,  N«  S„  being  now  drawn,  N/  will  be  to  the  west  or  east  of       ^ 

coctmi  or  bearing,   by  applying  N;  N(  the  true  coursa  or  bearing       ^^ 
N/  B  i*  found.     The  entire  correction  is  obtained  directly  at  se*  by      ^M 

Kpplied  St  once  to  the  compou  indications  if  an  observation  were      ^| 
nuda  for  every  direction  of  the  ship's  head  during  tlie  day.     ^^llen  it 
ia  rci^aireil  to  deduce  a  compass  course  from  a  true  course,  the  converse 
procews  K.  the  above  is  pursued.     N,  S^  (fig.  2|  ia  first  drawn  ;  than, 

-wot  of  N,  :   again,  N„  S„  being  now  drawn,  N,:  is  to  ihe  eut  or  ^H 

w«M  o(  Nm,  according  as  the  ileviation  is  east  or  west.                           ^^H 

Oomi>aaa    CompensatiOIlB.— The    meehnnical    modes    of     ^^ 

■Mgneta  or  masses  of  soft  iron.— .See  Compaas  Deviation  In 
Zron-bnUk  Ships. 

Oomposa,  Variation  of— The  angle  which  the  direction  of      ^M 
tka    mikpietic    needle  makes  with  the  meridian.     It  is  said  to  be      ^M 
Btttrif  when  the  north  end  of  the  needle  is  drawn  lo  the  eastward,       ^| 
toA    Wftterlj/  when  it  ia  drawn  to  the  westward  of  the  true  north.        ^H 
Tbc  Tamtion  ia  different  in  different  places.     In  any  given  place  it       ^H 
gOM  through  a  cycle  of  cliooge,  becoming  alternately  east  and  west ;       ^| 
it  abo  «liMigea  slightly  at  different  times  ol  the  day  and  periods  of 

VomtioD  i>  one  of  the  "  corrections  "  iu  deducing  the  Inie  i 
or  bearing  from  tlie  course  t,ad  beariug  observed  wilU  the  coi; 
It  is  ^veu  on  tlie  cliarta  used  is  uavigatiou. 

To  dtlermine  the  variatiim. — Compure  the  beariujj  of  iLe  i 
other  celcatial  body  sa  ahmvu  by  the  compoaa  witb  the  true  bei 
u  toand  by  obeervation  and  calculatioa.  The  diSerenoe  of  tt 
bearings  will  be  the  total  defleetiou  of  the  muguetic  ueedle  i 
toiTBitrial  variation  and  deviation  which  together  form  whnl  ia 
the  "  compoia  error."  If  the  obiervntiou  ia  moda  with  &  co 
on  shore  unioSucnced  by  local  and  ship  attraction,  the  variation 
once  obtained  ;  when  the  obBecvation  ia  made  on  board  ship,  tn 
to  obtain  the  variation  as  a  separate  result,  the  deviation  m 
known.  The  true  bearing  for  the  above  purpose  is  obttun 
computation  either  of  the  Amplitude  or  AzlmuUl. 
variation  may  likewise  be  obtained  by  comparing  the  tru 
compass  bcarlngH  uf  wmc  teiTCslriat  object. — See  Bearing. 

Oompass,  Deviation  of.— The  angle  through  which  tt 
on  board  ship  causes  the  compass. needle  to  be  deflected  frc 
magnetic  meridian.  It  is  said  to  be  EatUrly  when  the  nortll' 
the  needle  is  drawn  to  Che  eastward,  and  Wttttriy  when  it  il  i 
to  the  westward  of  the  magnetic  north. 

Deviation  ia  one  of  tlie  "  corrections  "  in  deducing  the  tme 
or  bearing  from  the  course  and  bearing  observed  with  the  ooi 
It  a  determined  before  the  ship  leaves  harbour,  and  a  Table  w 
anionnt  foe  every  direction  of  the  sltip's  head  inserted  in  the  c< 
the  Jojr-book.  To  do  this  requires  the  process  culled  "SWiS 
the  Ship, "  which  tee. 


n  ofn; 


dianical  >:< 


s  large,  it  is  conipenaattd  or  reduced  by  the   I 


Compass  Deviation,  Oonstaut,  Semiclfcular, 
Quadrantal.— In  ntl  vessels,  wbetiier  built  of  wood  or  iron,  the 
deriBtion  mtiEJata  of  two  principal  const  ituent  parts,  the 
"  Stmieirmlar  "  mid  the  "  Quadrantat,"  with  the  ocoaaionftl  addition 
of  a  enoM  "O'tuliint"  part.  Each  of  these  ih  in  itself  aubjeet  to 
rajfiUar  lawi,  uiil  any  apparent  irregularity  arises  from  different 
«omIwutioiis  of  the  several  parts,  1 

i.     I.  ComlanI  Dtriatlon.—kt  far  as  this  is  a.  true  deviation.  It  ia   ' 
Mnoll  in  amount  and  does  not  change  with  a  change  oL  latitade.     It 
appears  when  tJie  toft  iron  la  not  «ymmetriually  arranged  on  each  side 
of  the  tore-ancl-aft  midship  section,  or  when  the  compass  is  not  on  the 
nvidahip  fore-and-aft  line.     It  arises  from  terreatriul  induction.     The    , 
«oeffidviit  of  this  part  of  the  deviation  is  A. 


introduced  by  index  or  otfacff:! 
lie  Mantoeil  direction  of  tbfta 


An  appartnt  eonatant  deviation  : 
iaatruDianlal  errors,  or  liy  errors  in 
tnkgnetia^nieridiiui. 

2.  BtmUirealar  Deviatioj^ — At  the  ahip's  bead  moves  round  » I 
tMnplete  circle  in  oKimuth,  tlifa  part  of  the  deviation  is  easterly  in  f 
on*  •etniclri.'Ii;  ami  weslerly  in  the  other ;  hence  its  name.  Tha  ] 
■'  neotr&t  points,"  or  [Hiiots  where  the  seniicircular  deviation  a 
kra  oppoalte  to  one  another — in  wooden  ships  coinciding  nearly  wjth'l 
tba  magnetic  meridhm,  and  in  iron  ships  being  determined  by  th*  I 
podtion  ot  Ihe  ohip  while  bailding.  llie  semicircular  dev 
dMOgM  with  a  change  in  geographical  position.  This  deviation  il'^ 
cwiMd  partly  by  snb-permanent  magnetism,  nnd  partly  )iy  vertical 
Ittdvotioti  ill  the  it.in  of  Iboahip.     The  horiT.tmlB.Xvii^V.'al^Iwa^OTai 


U  resolved  iii  two  directioua,  oue  actiiig  in  the  £ore-md-a(t  linecrf" 
the  ihip  ( -I- when  drawing  the  marked  end  of  tLe  neeille  forward, - 
when  drawing  it  &ft),  aoil  the  other  aotiag  nthwtrtafaipa  (  +  whfiQ 
drawing  the  marked  end  of  tlie  needle  to  atarboaid,  -  when  drawing 
it  to  port).  Tlie  coefficientH  of  the  two  parts  are  diatttiguUbed  hy  Uu 
lettera  B  and  C. 

3.  Qiiadrantat  Dtrutlion. — An  th(t  ship'i  head  moves  round  a 
oomplete  circle  in  azimuth,  tliia  part  of  the  deviation  is  alternately 
easterly  and  westerly  iu  the  four  quadrants :  iiauce  its  name.  The 
"neutral  poiuts,"  or  points  where  the  qiladcaDtal  deviation  is  zaro, 
ooiooide  very  nearly  with  the  cardinal  pointi.  The  quadivotal 
deviation  reinains  unchanged  in  all  magnetic  latitude*.  This 
deviation  is  caosed  by  the  transient  magnetism  of  horizontal  iron  in 
the  sliip  derived  from  terruatrial  induction.  This  force  is  TBSolvediD 
the  same  directions  as  the  sub- permanent  for;».  The  coefficient! 
for  the  quadrantnl  deviation  are  the  letters  D  and  E. 

Compass,  Heeling  DlBturbance  of  Deviation.— The 
compass  on  hoard  ship  is  adjusted  when  she  in  on  on  even  keal,  the 
necessary  compeniatiotiit  1>eing  made  und  the  Table  ol  DevialiOM 
drawn  up  under  that  condition.  In  iron-built  ahipa,  and  also  in 
thoae  constructed  of  wood  with  iron  beams,  the  deviation  is  greatly 
Affected  by  the  heeling  ot  the  ship,  and  the  values  recorded  in  the 
l^ble  of  Deviations  are  thus  disturbed.  An  additional  mechanical 
oompenbatiun  may  be  introduced,  or  the  requisite  modificatioo- 
applied  as  a  correction. 

To  understand  the  caiisas  of  this  diHturbanoo  we  must  remember 

eiat    it    arises    partly    from    the    cliange    in    the    action    of  the 

»ab.permanet>t  maguetian  ol  tbe  sUp,  aitd  ptinly  from  a  changed 

^eveloptnetit    ot  induced    niagneliam.      W  'VV  "»  *»  VixobbSjA 


'^'"'puuciii  uf  Uie  «liip's  motpietiem  lliat  affecbi  the  direction  of  the 
""^Us  I  Ktirl  when  a  vliip  heeU,  fori.'eii  icliioli  before  &cted  rertically, 
""■  therelure  did  uot  disturb  tiie  horizoiit&l  needle,  now  act  no  one 
""'i  Koil  produce  deviatiun.  (2)  New  forces  develop  in  imn  [guch 
"  iron  deeks),  which,  previously  horiionlal.  boooming  inclined, 
'*^iv«  nu^etiatn  by  induction  from  the  earth's  vertical  magnetiani. 
Th*  gvnenl  law  of  tlie  effect  of  hetling  is  thus  given  in  Airy'a 
'^Ualnii.  When  A  aliip'a  head  is  east  orneat,  □□  seiiiible  effect  is 
I'^Ncvd  bjr  heeling.  ^Vhen  the  ship's  head  is  north  or  south,  heeling 
l*'4uca  the  greatest  effect.  Usually,  but  not  in  all  cases,  tlie  marked, 
"  Hani),  end  >il  the  ueedle  is  attracted  to  the  windwcu-d  or  raised 
^^  ol  the  (hip  in  north  latitudes,  and  the  unmarked,  or  south,  end 
ta  (iiiith  lalitudea.  Often  in  iron  ships,  with  ship's  head  north  or 
■WUi.  one  degree  of  heel  prodacea  one  degree  ef  disturliauoe  of  the 
eaBpua,  lint  in  aouie  instances  one  degree  of  heel  prodnces  two 
Jfgmm  of  disturhanue  of  the  conip<iaB ;  in  many  of  our  men-of-war 
UdoM  Bol  exceeil  half  a  degree. 

Oompaas  Deviation  Formulaa.— The  deviation  may  be 
BfveeMil  in  algebraical  formul.i\  the  several  terms  of  which  represent 
lb*  ooMtitoent  parts  Kriniug  from  the  different  forces  acting  upon  the 
reaolred  in  definite  directions.  Some  of  those  formulie  are 
Mo,  others  «iact.  For  each  ship  the  coeffioienta  are 
III  by  experiment,  and  then  the  formula  gives  the  deviation 
PT  any  direction  of  the  ship's  head.  The  following  mmmary  U 
hatnticted  from  the  "Admiralty  Manual,"  which  gives  Poisson'a 
laral  tiioory,  and  Archibahi  Smith's  investigations. 
I.  If  th«  deviation  is  of  moderate  amount,  not  exceeding  20*  oi\ 
ia  expressed  witfi  sufficient  eiaclneu,  foi  ^TMXvstX 
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a  =  A  +  B  flLn  f  +  C  COB  f  it- U  »in  2  ^  +  E  CM  2  T- 
Id  tliia  expreasioii  3  is  the  devialiou,  reukuned-f-whaa  ihi 
end  of  the  needle  U  drawn  to  the  east,  -  whea  drawD  to  thi 
f  is  tbe  cotnpau  course  or  the  azimuth  of  th«  ship's  hesd  Fr 
directioD  of  the  (liBturbed  oeeiile,  reubooed  4- to  the  castwa 
to  the  westward,  f +  J  is  therefore  the  magnetic  course, 
azimuth  of  the  sliip's  heiid  from  the  direction  of  the  magnetic 
or  of  the  uiiduturbed  needle,  reckoned  +  to  tlie  eastwuil, - 
westward. 

In  this  eipressiOD — 

A  is  the  eorufuRf  deviation, 

BBinf  +  CooB  fform  ibe  ttmlcircutar  deviatiou  ; 
D  sin  2  f  +Ecos  3  j' give  the  ijuniJrayttu/ deviation, 
Wheu  the  compaBS  is  on  the  luiddle  fore-and-aft  line  of  JiesL 
<:oefficieDt8  A  and  E  are  generally  so  small  that  they  may  b«  neg 
The  exproaaioni  for  the  deviation  then  betminis— 


a^Bsi 


+  Cc< 


n2f 


In  this  case,  therefore,  there  ia  no  consUiiit  deviation 
lemicircular  devUtion  is  ii  sin  f  -l-  C  cob  f ;  the  iiitadrHuUl  de 
is  D  sin  2  {-. 

Again  :  B  is  approximately  the  ileviation  at  east :  and 
changed  aL|;n,  at  west.  C  is  approxiinittcly  the  deviution  at 
and.  with  changed  sign,  at  south.  1)  is  the  mean  of  the  dev 
at  N.E.  audS.VV.  ;  and,  with  changed  sign.  atS.E.  and  N.W. 

The  coefficients  A,  B,  C,  D,  E,  are  best  detsnnined 
observations  of  deviation  mnOe  with  the  ship's  head  on  a  i 
namber  of  e<|ui -distant  points.  When  we  can  observe  only  oni 
aumber  of  pointa  eqiislly  diBtciliulod  nmiiJ  the  horiiou  it  is  net 


toumlas 


1^1^^^^ 

12B 

a  Amet  formula,   to  be  used  when  the  Jeviation,  on 

any  course,  ^^1 

«m  i  =  3i  cos  i  +  ff   Bin   r  +  ra   eu»  r+5   «ii>  (2  !'  + J)  +  TO  co.  ^H 
'^    ^--J)  wbcre  tbecoelBcienU,  ^,  «,  q:.  {>.<»  lUVDebrly,  butoob    ^H 
''^^cttjr.  the  n>tund  ames  of  Ihe  loellicients  A,  B,  C,  D,  E.                       ^H 

1             3.  Ship  «>t  on  Oft  r«/t  kd.     When  the  ahip  h*eU 
I      "^fwenting  a  heel  W  slarbwird,  -  T  a  hed  »  port)  the 

"ft-.,™- 

1      '^oooH.,  vary  newiy, 

=B«iir+    jc-(p+^  -i}t«,i  #  rj  c«i'+D»iti2r.    ^1 

^       Meui  directive  force  of  needle  on  board 
Lirective  force  on  ahoie. 

Mean  value  of  vertioul  fiirre  on  Ixiard 
"                   Venicftl  force  on  sliore. 

1 

Th*  effect  of  U>e  heeling  »  therefore  to  add  to  the  dovuilion  Iha  ^| 

»«»»— (9+^  -11  t*n  9  I'co*  r=.I   I-  cos  f,   which 

la  the  Atr^'nr  ^H 

errw;  and  J  ia  called  the  It^iliii,  M-rjBr<>„(. 

m 

When  ^=00*  or2T0*.  that  ii.  when  the  Bhl|>'>i head  it  F.  or  W.  by^^J 
~       ahip'a  hea.i  UN.  or  S.  hycompaw.  the  heeling  orrot=nuixitn«ni.    \n. 

^jj^^^ 

jnlly  + ,  the  heeling  error  wilt  gcneniUy  have  the  oppoeite  aigu  u,  . , 
that  is.  will  CKUse  h  dcciatioti  of  the  north  point  of  the  needle  to 
win.iw.H. 

Oompaea    Deviation    In    Wood-built    Ships.— Tlie 

i|UiLntily  lit  iron  in  theso  ahipa  is  cuintinriktively  sinftll,  it  u  in  most 
cases  ecjiinlly  iliatributed  in  both  sides  of  the  ahip,  and  it  ia  nol 
pxpnsed  In  inecli&iiicril  violence  after  being  fixed  in  it«  position  on 
board.  Hence,  the  disturbance  it  produces  is  small,  the  miigneliiai 
of  one  mass  of  iron  counteracting,  in  a  great  measure,  that  of  anothar. 
and  the  slight  pormanent  magnetism  of  the  ship  hm  no  genera] 
clianK^ter.  As  a  general  rule,  the  deviation  it  at  ita  maximum  when 
the  ship's  head  is  near  east  and  west  by  compoSB.  The  machinery  of 
a  steamer  Mid  tlie  armament  of  a  >lilp-of-war  introduce  aams 
mwlilicationti.  The  chief  disturbing  notion  of  the  iron  in  a  wood- 
bnilt  ship  arises  from  the  magnetism  which  is  transiently  induced  by 
the  earth's  magnetism  giving  rise  to  ■  semicircular  deviation.  CaptAlo 
Flinders,  at  the  commeiicenient  of  this  century,  detected  this  ;  and, 
referring  the  changes  in  the  errors  of  his  compass  on  difTerent  aides 
of  tlie  magnetic  equator  to  the  inducud  magnetism  in  the  vertical 
iron  Blanuliions  aheiul  of  the  compass,  suggested  that  this  might  be 
oounteriicteii  by  a  vertical  iron  Inr  mtroduced  astern  of  the  oompaw. 
This  is  the  cArliest  rcougiiitinn  of  t he  moilern  principle  of  oompas 
uompensatioii,  ^fl 

OompasB  Deviation  in  Iron-built  Ships.  ^H 

(I.)  DitluTlunij  f'urcri  atliiig  ujwu  tht  Compatt. 

The  iiiffiieneet  catwing  deviationB  in  t\re  com^iaaa  at 
two  tlistiuot  characlera.     \^.1  Tb%. 


magnet,     poaae«aiug 


tmag. 


tietiam.  the  positioa 
of  iw  poles  depend- 
ing upoD  the  direct* 
ion  of  the  ship  while 
buiHbg.  The  au- 
aexed  Ggures  exhibit 
the  magnetic  cond- 
ition of  ihipg  built 
in  the  Axtreiiw 
poaittouB,  head  north 
south,  east  and 
weat.  Red  magoet- 
iani  is  shaded  here 
with 


lines.  QP  IB  the 
I  uatori&l  plsjie, 
AD  the  SLiis  of 
■cstrial  force  oc 
direotioa  of  dip. 
There  are  therefore 
thiee  true  magoeti 
be  considered  :  (n  I  The  UAith,  the  iiiHgiietiBin  of  which  varies  in 
N  Mid  direction  in  different  parts  of  its  surfacp  (bj  the  ship, 
iob  i>  a  eonitant  magnet  passing  orer  this  sorfaae.  qnita 
«pinideiit  of  it,  and  turning  its  poles  in  all  direcUona  \  an&  Ve'\  ^^ 
kll    eompaas   nuedJe   iiapeaded    on   board   the  8hi\>,  vlavAi  ft»» 


(2.)  Portioaa  of  theahip,  suuh  as  verticil  iron  cods,  which  are  ofWo 
nearly  in  tlie  JirectioD  of  the  earth's  total  force  become  truisieDt 
induced  mngneta.  Unlike  th<:  lub-permaneat  Ea&gnetiiim  ol  the  ship, 
this  ia  dependent  for  tba  time  beiug  upon  the  t«rreatriKl  magnetiitn. 
and  nill  v&ry  with  it  in  different  pnrle  sf  the  narld.  In  addition, 
then,  to  the  three  mngnets,  referrei!  to  above,  vre  have  {b')  Portiona 
of  the  ship  wliich  become  troniiisnt  magnet*  by  indnction  of  tlie  earth- 
In  the  accompanying  figiirea  <p.  136)  this  induced  niagnetiHtn  is 
represented  by  the  marked  end  being  shaded  longitudinally.  X.  and 
S.  mean  magnetic  north  and  south. 

(II.)  BtMlulion  of  Totnl  Diiturblng  Forea  into  HorimnUU  imd 
Yertieal. — Just  as  the  lerreBtrial  magnetic  force  ia  resolved 
horixontally  and  vertically,  the  disturbing  forces  ore  resolved  into 
corresponding  components.  These  disturbing  forces  may  be  cunaideml 
OB  equivalent  to  a  permanent  and  induced  magnet,  and  each  ii 
separately  resolved  into  a  horizontal  and  vertical  component,  the 
former  being  again  resolved  into  two  sub.componenta.  The  horizontal 
forces  affect  the  direction  of  the  compass  needle  directly,  the  vertical 
forces  affect  it  indirectly,  and  the  former  are  considered  first.  W* 
Have,  therefore,  tbe  four  compoaeot  foruea  in  order  : — 
j.   1,   Horizontal  Sub-permaaenti 

iL  I.  Horizontal  Induced, 
i.  2.  Vertical  8ub- permanent. 

ii.  2.  Vertical  Induced. 

(111.)  PrineipU  of  Compauating  tlie  Diatiir/nng  Forcei. — Th«  I 

Astronomer  Royal  Sir  George  Airy  gives  this  in  a  few  words  : — '*' 

aaly  wajr  of  destroying  the  effect  of  one  magnetic  disturbing  fon 

introduce  another  disturbing  agent,  -wVoee  tevce  foUowa  the  ■ 

I  tbe  wune  nutgmtude,  bat  tti-w»'jaKft»^*wj~ 


directian."  Sub-pejrui&neul  maqnctiBm  U  corrected  by  the  agency  of 
a  oauDteractiiig  permaQCDt  magnet :  and  ttangieDt  nwgnetum  by 
mtemoting  maMea  of  soft  iron,  which  become  BinuUrly  affected  by 
iuduvtioa,  being  converted  into  truisieut  magDcta.  The  horizontal 
coroponentB  are  correoteil  by  magnetB  or  luasaea  of  iron  placed  in 
faorizoDtal  posttiona ;  the  vertical  by  magnets  or  rnoasea  of  iron 
placed  in  vertical  positi'tim.  These  in&gneta  and  miwsos  of  iron  are  bo 
introduced  that  theit  iiiHuence  may  neutralize  the  disturbing  farcea, 
Thii  is  the  general  principle ; 
the  following  are  the  diSerent  j 
Btaps  of  the  process. 

([V.)Metioilii/CimpaiMang   I 
tlif  Comjxment  Dislvriing  FortX^ 

— (i.  1.)  IlorimiinlSub-itma.  i 
mil  SliigiirlUm. — Thia  disturb- 
ance appears  na  a  semicircular  ' 
det-iatiou,  and  tbe  correctioi 
made  for  direction  of  ship's  head 
N.  (whiobcorrectBit  for  S.  also), 
nod  for  direction  of  ship's  head 
E,  (wliich  corrects  it  for  W, 
also).  For  eat'h  of  these  two 
directions  tbe  compensation  is 
effected  by  a.  ningnet.  or  pair  of 
maguets,  which  are  always, 
when  placed,  transverse  to  the 
magnetic  meridian.  Tbe  proces* 
is  represenl^d  in  the  anueied 
figures,  wVietB  v\\e  4oWjei.\vaj>» 
indicate    lUe    AiiecVwii  <A.  \S» 


EtO' 


_____ TioO-      t^' 


ol 
I  Til 

L 


(i.     2.)     VtrCical   Siib-pfrmunfnl 

J/«i/iie(Hm.— ThUhmsnoilisturbiiig 
infiueiice  oo  Ibe  liorizouIsldeBeclioii 
uf  the  conipn«8  ue«ille  so  long  M 
tllo  ship  is  I'll  an  evitii  Leel ;  buC, 
when  (he  ht.'cU,  a  ilevinlion  renultB 
from  it  of  KUiiietiinea  1"  for  every  V 
of  b«l.  Tlie  roMoii  ,.f  th>«  ia 
evident,  (or  wliiit  wim  Piilirely  a 
vurticiil  force  is  now  inn  ubilqnc 
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COMPASS. 


a  portion  of  which  i»  resolved  iu  the  horizontal  plane,  and  thiB 
secondary  horizontal  component  of  what  was  originally  the  vertical 
coniiMment  has  an  effect  on  the  direction  of  the  compass  needle. 
A  portion  of  the  original  horizontal  force  becomes  at  the  same  time 
vertical ;  so  that  it  is  strictly  the  effect  of  the  difference  that  has  to 
be  corrected.  This  correction  is  effected  by  fixing  a  magnet  or  pair  of 
magnets  vertically  1)elow  the  needle,  when  the  ship  is  on  an  even  keeL 
Which  end  should  be  upward  may  be  determined  by  considering  the 
extreme  case  when  the  ship  is  on  her  beam  ends,  and  when  therefore 
the  correcting  magnet  will  be  in  the  same  horizontal  plane  with  the 
coni{MiAs  needle  ;  it  can  only  be  practically  ascertained  by  the  aid  of 
a  special  instrument.  The  case  shown  in  the  figure  requires  the  red 
end  to  l)e  upwards. 

(ii.  2.)  Vrrticiil  Induced  At agnetism. — 
This  is  counteracted  by  intro<lucing  soft 
vorticiil  rods  which  arc  affected  by  the 
sunic  induct i(»n,  but  placed  in  pasitions 
where  the  influence  on  the  compass  acts 
in  the  (>pi>osite  direction.  The  stern-post 
is  one  of  the  most  powerful  disturbing 
induced  magnets  on  board  a  ship,  its  red 
end  l)eing  downwards  in  northern 
magnetic  latitude  and  upwards  in  southern 
magnetic  latitude.  The  correction  for 
this  is  made  by  placing  a  vertical  rod  of 
soft  iron,  V,  ahead  of  the  needle. 

(V.)  Allcrnntivea  in  Place  of  Ciynii)en»a- 

tifuj. — In     the     case     of    sub-permanent 

magnetism  (i.  1.  and  i.  2.),  the  amount 

o/  the  deviaWovL  depends  upon  the  ratio  of 


BtmUphtfrn 


MnUtphgrt 


I 
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the  disturbing  force  to  tiie  terrestrial  rnagiietitim  ;  and  this  ratio 
vBriei  not  only  witli  the  direction  of  the  ship's  bead,  but  with  her 
geographic&l  poBition.  The  necewtiry  corrections  oiay  be  recorded 
in  TabUi,  uid  applied  to  tlie  indicationa  of  the  compiuiB  ;  these 
tabtcfl  being  revised  in  different  pftrts  of  the  world. 

In  the  use  of  induced  magnettam  (ij.  1.),  the  ratio  whicli  tlie 
dijturbing  force  bears  to  the  terrestrial  magnetism  (which  induces 
i>  slwafs  the  same,  and  therefore  the  nmouot  of  the  deviation  ia  i 
■une  (for  the  some  direction  of  the  ship's  head)  in  wbaterer  part  of 
the  world  the  ship  niay  be.  Tlie  use  of  a,  Mollified  CoMpaat  Card 
ubviatBa  the  necessity'  of  either  aoaipensation  or  a  table  of  correctio 
for  this  part  of  the  deviation.  A  practical  ohjeotioD  to  compeiiaatioo  I 
by  mnuea  of  »ott  iron,  in  some  cases,  arises  from  the  large  amoi 
tbftt  would  l>e  required,  and  the  close  proximity  of  its  position  to 
oomposa.  The  fact  of  the  coefficient  D  being  found  in  all  ordinary 
cues  to  be  positive,  led  ,St&ff>Captaiii  F.  J.  Evans  to  proposo  the  uaa 

two  Admiralty  compasses  of  precisely  ei^uol  strength,  placed  in 
Marbcnrd  and  port  binnacles,  regulated  at  a  projur  distance.  The 
Boedlca  of  these  compasses  will  produce  on  each  oilier  a  negative 
qiUkdraiital  deviation  which  will  correct  the  positive  qnadrantat 
deviation  arising  from  the  ship.  This  mutual  action  of  two  [>roximat« 
compasses  was  investigated  in  1820,  by  I'oter  Lecount,  Mid.,  B.N. 


i 


(VI.)    PracCicr    in   Chr    Royal   Nary.— A.    place  for   the  standard 
here    it  is  least  affected   by   the  disturbing   Forces, 
mrefnlly  selected  on  board.     A  magnet  is  generally  introduced  for 
ttia  pOTpoiv  of  e((ualiiing  the  directive  force  on  different 
mod  at  Uie  nnu  time  diminishing  the  semicircular  deviation.     Th» 
dcvi&tion  i*  corrected  by  means  o!  soft  iron  spheres.     Th»| 


alwavB  lucertained,  i 


Compass  Deviations ;  Graphic  Methods  of  Treating. 
— Sr<^  Napier's  Dlas^ams  and  Curve ;  DyKogram. 

Compass  Bearing.— The  bearing  of  an  object  as  taten  by  the 
compiLBa.  It  ia  diatinguisherl  from  the  true  btariiig,  wfaioti  may  be 
dediiceil  from  il  liy  Applying  the  cnrrectioni  for  iHiriafioR  auJ  '^intion. 
—Sec  Bearing. 

Compass  Course.— The  ajigte  wUioh  the  ibip's  tnck  oiakea 
with  tlie  ilircctLoti  of  the  miigiietic  needle  of  the  oompue.  It  ii 
diatinguLBhed  from  the  trw.  caiirn',  which  may  be  deduced  from  it 
by  applying  the  oorreotions  for  vnriiithii  uoA'luvinlioH.  The  correolion 
for  lefipn;!  in  nlau  nccetuary  to  deduije  the  course  made  good  from  the 
course  stetrcd,— See  CoUTSe. 


Compass  Error. —When 


le  geog-uiilii 


Ilie  cotnpasa  error  is  spoken  of 
jiiount  of  divergenc*  of  the  oon 
idinji.  tliHt  is,  the  algebraioU  ti 


the  VI 

Complement  (L.   mw/'lei-t,  t<i  "lomplete,"   "fill  up."— The 
oon>|>lcineiit  of  a  iiunntity  is  wliat  niuat  be  added  to  it  t«  iiiak«  i^ 
sum  ei|iia1  t»  soroe  fixed  quaulity.     The  following  a 
uses  of  tlie  term  : — 

I.  In   ArMmtlic — The  number   10,  with  its  powera,  is  n 
U  a  Ktniidnrd  of  completeness,  and  the  "  arithmetical  compla 
of  a  niiml«r  ia  tlie  nnmber  whit-h  uiiisE  be  aildeil  to  it  to  nutka  H 
lo  thai  power  of  10  next  higher  ;  e.-j.  Ihe  ar  co,  of  7S6  is  lOOO-tl 
=rrf*      T/iis  I'a  used  chiefly  in  problems  worked  by  Ingaritlims, 


arilbmelicikl  complement  of  n  logarithm  being  the  liifforenuu  between 
the  logu-lthin  uid  lU :  (.•/.  the  ar.  co.  of  3'4riOS08  it  6'639IO->.  the  ar. 
oo.  of5-63«4*SUU-363513. 

2.  In  Tri'joaotattrji. — A  qnadrant,  right  anglo,  or  angle  of  90°.  i» 
reg&nled  u  llie  atuiil&ril  of  completeneM  ;  the  complemeut  of  an  iirc 
or  uigle  being  the  i|aftiitit;  which  vrhiit  muiC  be  added  to  it  to  make 
up  the  qondrant !  e.g.  tho  complement  of  35°  i«  55°.  Thia,  the  polar 
dictuicv  ia  the  complement  of  the  decliDntion,  or,  as  it  ia  written,  the 
«0^ei.-linatioii ;  the  eeuilh  diituice  ia  the  complement  nf  the  altitude, 
«r  the  co-altitade  ;  ami  we  alao  hnre  the  iM-lntitiidc.  Again,  the 
co-Bine  u  the  aine  of  the  complemeut,  Ihem-tangentthe  tangent  of  the 
cctnplemeDt,  the  M-aeonnt  the  secant  of  the  couiplement. 

3.  In  Otujnetr!/, — The  complements  of  the  parallelograms  about 
tbc  diagonal  of  a  given  parsUetograitj  »re  those  spnuen  which  toother 
with  those  parallelograms,  "complete  "  thecontainiligparallelogram.   .■ 

Composite    Sailing.— A     combination    '>f    umit-eirde    and  m 
paratUl-nailini/.       A  uavi^-ator,   wishiug   to  tube  the  shortest  route  1 
belweMi    two  pboee,   finds  sometimes  that  in  the  pnrticulsr  case    I 
iMtore  him  the  great-circle  track  reaches  too  high  a  hklitude,  where 
tbe  ica  renders  it  daiigerous  or  impossible  (or  the  ^hip  to  penetrate 
Ha  therefore  fixes  aiKin  some  one  parallel  oE  latitude  na  the  maxinmm  ; 
«nd   tbe   shortest  route,   under   these  conditions,  will  consist  of  a 
pnrtioD   at  thnt  parallel,  and  of  the  portioDs  of  two  great  circles 
which  are  tant^mtii  to  it.  and  which  pass  one  through  the  ship,  the 
other  through  the  intended  port.     On  the  cuniral  or  gnomonic  chart. 
the  track  Will  consist  of  the  two  straight  lines  drawn  froni  the  two 
>  t5)i]Cb  the  circle  of  highest  Utitade,  and  the  part  of 
ia  of  contact.  • 


Oon-.  Go-,  Com-.  Ool-  (L.  eoa-,  >  prefix  ■ignifying '* 
In  the  use  of  of  Lliia  prefix  before  a  vowel  or  A  the  ri  ia  dropped  ;  knd 
before  I  and  m  it  u  cbauged  into  these  lettere  respectively) . — An 
adjective  with  tbU  prefix  iadicftt«B  that  the  things  qualified  poneu 
th*  feature  named  iu  commcm :  thus,  conefntric,  having  a  cominon 
centre ;  co-axial,  having  &  common  &iiB ;  and  aimilarly  in  to-atamiBe, 
eo-ineidcnt,  co-terminnl  e,ad  rommenniraU.  There  are  also  Mrtun 
■ubatantives  in  general  use  with  the  same  prefix  :  thui.  ^o-unfinafet 
are  a  set  of  lines  or  planea  dispoBed  in  a  predetermined  order,  which 
taiken  togeilifr  define  the  position  of  a  point ;  a  line  of  coUimalioit  in  * 
teleacope  U  the  line  of  eight  which  brings  togrllier  in  onr  the  centre 
of  the  objeot-glass  and  the  mid-point  of  the  oroM-wiro«  placed  in  the 
focus.  Oo  IB  also  used  as  a  prefix  before  certain  trigonoiaelriad 
fatioa.  and  arcs  of  circles.  It  iH  liere  the  abbreviation  of  eomjjfaint 
0/1  t-U,  co-langent,  co- latitude. 

Conic  Sections.— Tlie  curves  formed  by  the  iotersectioa  of  a 
I  plane.  They  are  of  three  kinds— the  I'ltraJxila  (Gk. 
Trapa^iWtit,  "  to  pUce  side  by  side  "),  the 
EllipM  {<i^.  iWtlirtir.  "  to  fall  short  of 'l. 
and  the  Hyptrboln  (Gk.  iwtpfUXKii*,  "to 
exceed  ")  ;  iu  the  first  (P)  the  cutting  plane 
is  "parallel"  to  the  generating  line  of  the 
cune  (GG),  in  the  second  (E)  its  inclimittan 
to  the  base  is  "  less  "  than  in  the  parabola, 
and  iu  the  third  (H)  it  is  in  excess, —beooe 
tlie  nrunea.  To  persons  acquainted  with 
analytical  geometry,  the  distinctive  proper- 
ties of  the  three  arc  exhibited  by  their 
teapective  e^iiati 


141 


!  elUpu  is  ihe  most  important  to  the  nantical  itudent. 

Oonjunotlon  (L.  fon/uNfliu,  fromron,  "  tonelher  i"  jangh-e,"  U) 

loin.') — Heavenly  bodiea  are  said  to  be  in  conjimction  when  tbe^ 

:  tile  Uime  lougitoile,  mud  are  therefore  seen  io  the  same  pvt  of 

h«»Tcns.     In  coatradistuictiou  Co  this,  when  they  hnve  a  difference 

f  loQgitTide  (if  180°,  uid  are  therefore  seea  in  diametrically  opposite 

l»  of  the  heaveUB  they  are  said  to  be  in  oppoHtion.     For  example : 

a  conjunction  with  the  sun  at  new  moon,  in  opposition 

t  full  miion.     The  inferior  plaiieta  [Mercury  and  Wnus),  initeod  of 

HtTiug  with  the  Bun  points  of  conjunction  and  opposition,  have  their 

>raiid  tuptrior  eonjancliont — the  foTmer  when  the  planet  paiiae* 

n  and  the    earth,  the  latt«r  when  behind  the  aun. 

ByrntioU:  < 'on]  unction,  rf  ;  opposition,  g  . 

"  OonnaiasaQCe  des  Temps."— The  French  work  corree- 
raAiag  to  "ur  "  Nautical  Alman:ic," 
Constd  nation  (L.  cnn,  "together;"  tWUalio,  "  u  grouping  of 
n."  from  ifri/a,  "a  star"). — A  group  of  fiied  stare  to  which  a 
nonia  hu  been  given.  These  names  have  mostly  the  origin 
mytliology  of  tliE  UrHeha,  derived  and  moditied  from  the 
na  Bud  the  Kost ;  and  the  itara  forming  each  configuration 
e  nnged  and  named  in  orJur  of  brilliancy  by  letters  of  the  Greek 
liAbet  attached  to  them — t.y,  we  have  a  Vriix  Majtirit,  ft 
The  districts  of  the  heavens  thus  mapped  oat  and 
lie  Butirely  arbitrary,  and  in  geueral  correspond  to  no 
daub-division  or  grouping  of  Ihc  stars  :  and,  as  Sir  John  F.  W, 
he)  remarks,   "  the  constullatioiia  seem  to   have  been  almost 


purposely  UBniud  and  delineated  to  cftuae  ob  much  confiuioa  I 
iaconveuieuce  lu  powibU.  Innunierable  sDakes  twine  through  1< 
knd  contorted  &reui  of  the  heavens  where  no  memory  caii  follnw 
thetn  i  bean.  lioDH,  and  fiabea.  large  and  Btnall.  northern  and  southern, 
ooohiMt  all  nomenclature."  This  ancient  ■yaleni  has,  boweTcr, 
obtained  a  currency  from  which  it  would  be  difficult  to  dislodge  it  : 
and  it  serves  tiie  purpose  of  briefly  naming  remarkable  itan — an 
important  point  Cor  a  navigator.  These  coDstellationa  are  moit 
conveniently  studied  under  the  three  following  groups : — (1)  North 
Ciraumpolar  Constsllationa,  tukirg  in  45°  from  the  pole ;  (2)  South 
Circumpolar  Constellations,  taking  in  46°  from  the  pole ;  (3) 
Equatorial  Constellations,  embncing  a.  zone  i5°  north  and  45°  south 
of  the  eqoator.  One  moat  conspicuouB  constellation  above  the 
horizon  in  each  u(  these  will  be  sufficient  to  identify  all  the  rest.  In 
(1)  we  recommend  tfria  Major  ;  in  (2)  Cnii: ;  and  in  (3)  Orion  and 
Lyra,  these  being  in  opposite  parts  of  the  hesveDa,  and  one  of  them, 
therefore,  dwaya  above  the  horizon.  These  four  constellations,  taken 
as  starting-poiuta,  will  enable  a  seaman  e&aity  to  learn  the  position 
of  any  other  group  wmiterl.  ^H 

Oontraotion  of  Uoon's  Semi-diameter.  —See  Uotm.^^ 

Co-ordinates.— A  aet  of  lines,  angles,  or  planes,  or  coinbioation 
of  these,  whicli,  taken  together,  define  the  position  of  the  several 
points  c..f  n  given  aurface,  or  points  in  space.  The  method  wu 
inveuled  by  Deacattes,  the  French  geometer,  who  first  e:ipr«ned 
algebraically  theorems  involving  the  poalion  of  lines.  To  represent 
the  position  of  a  carve  on  a  plane,  he  chose  a  certain  right  line,  to 
the  di6erent  points  of  which  he  rtferred  all  the  points  of  the  given 
enrve  ;  then   he  chose  a  certain  point  in  this  line  from  which  to 


llie  reckoniug  ("  %d  orilicHdmii  ah  eo  calciiliini  ").  Hence 
tiie  Beriea  of  liiiea  by  which  the  curve  waa  referred  to  the  chosen  line 
were  called  uniiiuitei  (derived  from  &  word  of  the  «&ni(s  root,  onlinart, 
"  to  nuige  in  order  "),  i»nd  the  portion«  of  the  line  "  cut  off"  by  thi« 
rwries  from  the  choaen  poiut  were  uamed  afudiia  (L  iilncindSrt,  "to 
cut  off").  It,  however,  ln-u  lioes  are  token  intersectiug  each  other 
»t  m  KiveQ  angle  in  a  fixed  point,  the  several  points  of  the  curve  in 
ijoeation  may  be  referred  to  each  of  them  in  turu,  and  thus  tiro  uU 
of  antiaala  be  contempkteil,  which,  takta  lo-jrtlter,  deiine  every 
poinl  of  th«  curve;  hence  the  term  co-ordinateB.  1.  To  eipiaio 
\meAy  tiiii  tyitrm  o/reetUiHtar  co-onlimili-a /or  a  plant,  XX'.  TY' are 
two  6xed  right  lines  given  in  poaitioD,  iutemcting  eaoh  other  in  the 
poinl  O.  Let  Z  be  any  point  in  the  plane.  Through  Z  draw  ZM 
ud  ZS  parallel  to  YY'  and  XX',  theo, 
if  wa  know  the  posicion  of  the  point  Z, 
wa  ahall  have  the  lengths  of  ZH  (y) 
and  ZN  (x) ;  and  uire  perid,  if  we 
kno*  iJie  lengths  of  ZM  ami  ZN  we 
■hall  know  the  position  of  tiio  point  Z. 
la  order  to  define  in  whicli  of  the  four 
(omparlmeDta  about  O  the  point  Z  is 
■ituatod,  those  dislaocea  which  are 
nwaanred  from  O  to  the  ri^ht  kaiul,  and 

ufteardt,  are  regarded  as  positive,  and  those  on  the  left  h^nd,  anil 
damueardt,  negative.  The  parallels  ZM  and  ZN  are  the  co-ordiivtln, 
of  the  point  Z  ;  the  fined  lines  XX'  and  YY'  are  tenned  the  nxr»  of 
Dt-ordSnaU*  ;  and  the  point  O  the  oH^in.  A  plane  chart  fur 
good  eiempli II cation  of  the  above.  XX'  and  YY'  intersecting  at 
right  kBglca  will  representreipectively  tbeequator  and  first  nieridian„J 


I 


II  clie  chart  will  be  it 


2.  Polar  lylrm  of  eo-ordinalft.—P  is  n  given  fiiod  point  a 
the  poU,  nud  PP  a  fixed  line  through  it.  Then 
we  shall  h-DDW  the  pwHion  of  »ny  |ioint  Z  if 
ire  know  the  length  oE  ?Z,  and  alw>  the  angle 
PPZ.  This  line  PZ  ia  called  the  radiut  wctor  ^ 
(p),  and  the  angle  PPZ  the  polar  uMtft  (SJ. 
The  uigle  ia  reckoned  poeitive  when  the  radius  vector  rerolvM  in  the 
direction  oppoaite  to  Uiat  in  which  the  banda  of  a  watch  move, 
negative  when  it  revolves  the  coutmry  way. 

Oo-ordlnateH  for  the  Surface  of  aSphere.— The 

circle  is  Co  the  surfnce  of  a  sphere  what  the  elraight  line  ie 
plane.     Hence,  by  substituting  "'apbere  "  fot  "plana," 
circle  "  fur  "  right  line,"  in  the  last  article,  we  shall  have 
in  understanding  how  the  position  of  s  point  is  defined  by 
on   this  Burr^ice.       I,     To   follow   Desoiirtca'  original   words 
deecribing  rfclilin'nr  eo-nrdinalri.      Let  n  ferlain  great  circl« 
be  chosen,  t^i  Che  different  points  of  which  any  point  of  the 
may  be  referred   (hy  arcs  of  great  uircles  perpendicular  lo  it) 
let  a  certain  point  (O)  b?  chosen  in  this  great  circle  from  whioll' 
commence  the  reckoning.    Tliua,  the  position  of  the  point  Z  is  del 
by  the  aros  of  great  ctrclee  OMand  MZ.     Here  we  have  the 
(explained  in  the  last  article,  fig.   1)  of  orUinnte  »ndab*ei»ia, 
hence  the  usual  method  of  naming  tbe  great  circles  used  to  refer 
points  to  the  fixed  great  circle.     They  are  named  after  the  orr/iHOH 
which  is  measured  on  them,     3.    But.  as  it  is  useful  to  regard  th* 
sphere  as  a  surface  generated  by  tbe  revolution  of  a  circle  aliout 
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of  ita  diameters,  the  conception  of  polar  co-ordinates  is  especially 
upplicable  and  convenient.  The  angle  through  which  the  generating 
circle  reyolves  \b  the  polar  angle,  and  an  arc  of  this  circle  the 
radius  tfeeU>r»  Thus — Let  FP'  be  the  diameter  of  the  generating 
•circle,  one  of  the  extremities  of  which  (P)  may  be  regarded  as 
aoalogotis  to  the  fixed  point  P  in  the  polar  co-ordinates  tor  a  plane 
{Bg.  2  of  last  article),  the  fixed  great  circle  POP"  analogous  to  the 
fixed  right  line  TV,  and  the  great  circle  arc  PZ  analogous  to  the 
radius  Tector  PZ.  *Thu8  the  point  Z  is  defined  by  the  angle  OPZ  and 
the  arc  PZ.  In  this  view,  the  circle  passing  through  Z,  being  the 
generating  drde  in  a  particular  position,  would  be  naturally  named 
after  the  angle  swept  out  from  its  initial  position. 

Tha  two  conceptions  may  be  advantageously  combined.  The 
ordinate  drcU  of  the  first  system  is  the  same  as  the  generating  circle 
of  tha  second  sjrstem ;  the  ordinate  and  radius  vector  coincide  in 
direction  and  are  complementary  to  each  other,  and  are  thus 
coDTertible,  and  the  abscissa  and  polar  angle  measure  each  the  other, 
and  can  hence  be  interchanged.  The  surface  of  a  sphere  is  a  limited 
'One,  Minlogonfl  not  to  an  indefinite  plane,  but  V>  «b  <^\i^^q^bx  ^asku 


AtiJ  just  iLs  iu  aucli  a  ciruular  disc  we  may  recko] 

eitber  from  the  centre  (the  pole)  "'  '>>'  '^  uouipli 
in  the  apposite  direcUou  from  tbe  circumfereauB,  so  ou  tliu  surface  of 
B  Sphere  we  may  reckon  the  distance  of  a  point  on  the  ueoeTating 
airule  either  from  the  pole  or  from  the  pole's  great  circle.  If  we 
adopt  the  lulUr  phui,  we  find  we  have  sabttitutod  ordinaJe  for  polar 
•liitiiiicr.  Again,  ou  tbe  surface  of  a  sphere,  the  aagle  at  any  point 
and  the  uuiTuspuiidiiig  arc  of  the  great  circle  of  wbicb  this  pcnut  is  a 
pole  May  be  used  tndiBoriminatsly  for  each  other  ;  it.  the  jxilar  aivjlt 
and  the  arc  of  tlie  fixed  great  circle  intercepted  from  the  origin  [tlie 
itlutum)  are  virtuully  tbe  same  tiling.  The  ase  of  co-ordinate*  for 
the  surfsoe  of  a  sphere  niay  heticu  be  comprehenairely  described  u 
follows  :  A  fixed  great  circle  KOU'O'  is  chosen  as  the  pritailhie,  aud 
another  fixed  great  circle  POPO'  at  right  nngles  to  this  reprsMats 
the  initial  position  of  the  wivul'ir!/.  These  two  circles  intersect  in 
two  fixed  points  0  and  0',  whicli  are  called  the  poinU  q/'origin.  The 
tecoudary  circle,  or  rather  one-half  of  it,  POP,  is  now  conceived  to 
revolve  upon  the  axis  PF  from  its  initial  position.  In  any  given 
position  PMF,  it  will  murk  out  alt  points  of  a  sphere  which  have  the 
same  /HAar  angle  OPAt,  or  the  same  altcia"  OM.  Again,  in  thus 
revolving,  any  poiut  in  its  arc  will  describe  a  small  circle  parallel  to 
the  primitive,  which  parallel  will  mark  out  all  points  of  the  sphBT* 
that  have  the  same  radiKi  vretar  ur  puUir  dUlanet  PZ,  or  the  same 
ordinate  MZ.  The  intersection  of  the  two,  the  itwndary  and  tbe 
pamlttl,  give*  the  point  Z.  It  being  known,  therefore,  whether  only 
oae  (0)  or  botb  (0  ajid  0'|  of  tbe  points  of  origin  are  to  be  reckoned 
from,  and  in  which  direction  the  secondary  is  to  revolve,  and  a^n, 
on  which  side  of  the  primitive  tbe  purallel  lies,  the  position  of 
point  Z  ia  cowphtely  defined  by  its  eo-ordioat«a,  the  poll 
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0PM,  or  Ihaabsdaw,  the  arc  OM(=angle«  centre  OCM),  and  tU^M 
imdiMTeclorPZ,  or  llle  ordinate  MZ{  =  angle  lit  eentreMrZ).              ^H 

The  two  Bpharical  RiirTaces  with  whEch  the  navigator  is  concerned  ^^M 
ue  Ihtme  of  the  Urrestri&l  sphere  and  the  celeatiul  concave.                    ^^| 

Oo-ordloates  for  the  Terrestrial  Sphere.  -Coordiontes,  ^H 

Loagitudr  and   Larilmle.     Tlie  primitive  (BOR'O')  is  that  great  oirola  ^^H 
perpeudiciiUr  t«  the  axi»  of  the  earth's  rotation— the  £/U(i(or  ;  thfl  ^^| 

Urrldianl  Or  Cireltt  of  Unijifidf,  sacU  o(  which  (as  PMP')  marka  »U 

the  pUom  that  hare  the  name  LoHgitttiU  [ax  QiA) ;  the  initial  position             . 

(G) ;     and     the    secondary     is    uonunonty    conceived    tu   revolre  ^^^| 
wwtWMd  and  eastward  through  180*;  the  parallelB,  called  PaTalhli   ^H 
ofLaaiudf  (as  LNL*).  mark  alt  the  places  that  have  the  aame  LntUudt  ^H 
nnrth    or   eoDlh    ran    ON).     Any    place    [as   Z)   a  defined   by  th«  ^H 
iaterrvectioQ   of   its  circle  of  longitude   {PMF'J   and  its  parallel  of  ^^| 
Utitude  (LNL'},  and  iW  position  ■ieseribed  by  its  two  co-ordinatci,              1 

figure  of  the  earth  is  taken  into  account,  a  new  definition  of  latitude              i 

i»  necoaary  [Latitude  of  an  Observer].                                   ^H 

Not*.  —Longitude  is  UHUally,  as  above  ootiood,  reckoned  west  and   ^^| 

sMt.     High  authorities,    however,   recommend   that  this  mode  of   ^^| 

matward  from  their  origin  round  the  whole  circle  from  0  to  360°. 
Till*  wvuld  add  greatly  to  Bysleroalio  regularity,  and  tend  much  to 
«bvUte    confuaion    and    ambiguity    in    computation.       When    the      ^\ 

Bcridiuii  wiU  be  oalled  Circla  of  Laliludf.                                              ^H 

m 

Oo-ordlnatea  for  the  Celeatlal  Sphere.— In  w]>at  (ollo^^| 
the  syatem  takes  itfi  litlo  from  the  primitive,  aiid  llie  aecoiiil&c;  m 
viewed  ob  a  generating  circle  : — 

1.  SdipUc  %<(fm.— Co-orfinates  to  descviU  llie  points  at  the 
celMtittl  coQCftve  rHlalively  to  each  other,  nod  with  primary  refereneo 
to  the  proper  motiong  oF  the  heaveuly  hodiea— Longitude  ami  LalitviU. 
The  primitive  cir^'le  (ROfi'O)  is  the  apparent  path  of  the  sun  in  the 
heavaiiB.-the  Scli,,lici  the  secondary  scmioirolefPOP'l  in  it«  different 
poaitioiiB  geiierntes  the  Circle'  nf  Lmtgitude,  each  of  whiuh  (aa  HMP) 
marka  all  the  pointa  that  have  the  same  LongitwU.   (as DM);  tha 
initial  position  of  the  secondary  is  defined  by  the  Vmal  E'/uinoetial 
Point ;  and  it  revolves  eastward  through  3C0^ ;  the  paralleU,  called 
ParalkU  0/  Latiludf  (as  LNL'),   mark  aU  the  points  that  have  the 
■ame  LatUide  north  or  south  nu  ON).     Any  point  (as  Z)  is  defined 
by  tlie  interaution  of  its  uircle  of  loogitude  and  its  parallel  of  latitude, 
amA  its  position  is  given  by  its  two  co-ordinatet,— longitude  (OJI) 
and  latitude  (north,  MZ). 

2.  Etpiinoclial  Sy>Um:—( a  1  Greftt-oircle  co-ordinates  to  describe 
the  points  of  the  celestial  concave  rehitively  to  each  other,  aud  with 
primary  reference  to  the  apparent  diurual  motion  of  the  heavenly 
todies,— fl<i/4(    Aitnuion    and    Dcdinatim.       The   primitive  circle 

heavens,— the   E-imaMlial ;   the  secondary  semicircle  (P0P1  in  iU 
different  positions  generates  CireUi  0/ Right  Anffnsion,  each  of  which 
(as  PMP')  mark*  all  the  points  that  have  the  same  Wa/'t  jl««n«ioii 
(M  OM) ;  the  initial  position  of  the  secondary  (caUed  the  Hjuimcliill 

^^Hfcward  tbnngh  24ta  or'  300° ;   the  parallela,  called  ParatUU  ^ 

00-ofiTiiMiTes.  149 

jyetUriaHon  (u  LNL').  mark  all  the  points  that  have  the  sarae 
Utrlisation  north  or  aouth  (m  ON).  Any  point  (na  Z)  is  dofiaed  by 
the  interaection  of  \t*  circle  of  right  ascenaion  (PMP)  and  its  parallel 
of  declinatioii  (LNL'),  and  its  poeitioii  is  given  h;  its  tvo  co-ordinnteB, 
—right  Moenflion  (OM)  and  declination  [north.  MZ). 

(b)  Polar  cD'Ordinatea  to  describe  thepoiutB  of  tlie  celestial  concave 
with  reference  to  the  diuitiiil  motion  of  the  heavenly  bodies  and  in 
comiDction  with  the  jioaitioii  ol  au  otiBerver  on  the  earth's  surface, — 
Tint  or  Hour  Angle  and  Polar  DUtana.  The  initial  line  ia  the 
Noo«  Cirde,  or,  u  it  ia  commonly  called,  the  Ctlettinl  JHeridiaii ;  the 
rsdius  vector  ia  the  Time  CireU,  or,  aa  it  is  commonly  called,  th« 
/four  Cirdt,  and  the  polar  angle  is  the  Time  Anglt 
commonly  called,  the  Hour  Angle.  The  noon  circle,  or  celestial 
awridian  ia  de£ned  by  the  meridian  of  the  place  or  the  zenith  of  thi 
obaerver ;  the  time  circle  revolves  from  the  initial  position  weatwi 
through  21l>  ;  on  the  time  circle  is  measured  the  Polar  Dislana  ft 
the  elevated   pole   through   1S0°. 

3.  Horizon  Syilem. — Co-ordinates  to  describe  the  points  ol  thaf 
oelectiftl  concave  with  reference  to  the  position  of  an  observer 
nrUi'a  vaihas.—Aiimath  and  Altlttult,  The  primitive 
(ROR'O^  is  that  great  circle  in  which  a  horizontal  plane  through  the 
obierver'a  eye  meets  the  celeatial  concave,  and  which  derives  ita 
ne  from  ita  being  the  "  boundary "  of  the  visible  and  inviubla 
hctniapfaeres,— the  Horium  ;  the  Beeondary  Hemicircle  (POl^.  in  ita 
diderent  poiitiona.  generates  the  Circlta  of  Aama^K,  each  of  which 
(■•  PMP)  marks  all  the  points  which  have  the  some  .daniufA  (aaOM)  ; 
Ike  initial  positions  of  the  secondary  are  defined  by  the  ^ortA  or 
iSmiA  P<Rnl  (that  one  which  is  most  remote  from  the  elevated  poll 
Mid  it  revolves  eaitward  and  westward  from  0  to  180° ;  the  paralli 
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Corona      BoreaUa     |L.    "The       Northem       Crown ").— A  ^« 

or^ceven  itars,  forniiiig  a  aniikll  eemicircle.     a  Coro)uK  Borealia  (colled  ^^| 
JU  Omnia/  mug  2-4'.  N.A.  IS9fl;  R.A.  15>.  30™.  Deo.  +27'  4'.            ^1 

Corrected  HstabUflhraent  of  the  Port.— Tfia  intervat^H 

between    the    time   of   the    moon's  tranaLt  and   the  time  o(  the  biglt^H 

Uie  interval  between  the  time  of  the  moon's  tmnsit  ond  the  time  of 
high  wal»r  on  the  clay  of  ayiysj.— See  uuJer  Tide. 

Corrootlona.— Corrections  ure  quantities   which   have  to  b^^fl 

ti«»ig»tion,  iaadny'swork,  wewftut  tofimi  the  total  tnie  course  made           | 
good  }    for  thi>  compQtation   we  sliould  liBve  all  the  Bevcral  true 
(xninen  m&de  good  during  the  day  ;  but  tboee  which  we  have  noted           . 
wera  the  coinpaas  coursea  steered.  These  compass  courses  steered  muibf^^Uj 
tb«rafore  be  niduood  to  the  oorrespoiiding  true  courses  made  good^^^H 
Md  Uiia  is  done  by  applying  the  "  corrections  "  for  variation.  deviatio^^H 

tlifl  altitudes  and  disUnces  of  heavenly  bodies  are  need.     But  thea^^J 
arv  olwerved  with  an  instrument  which  may  have  hu  index  error  ^H 
Uie  ..laerver  ie  geuanlly  elevated  abtve  the  earth's  surface  :  and^H 
often  one  of  the  limbs,  inat«ad  of  the  centre  of  the  Imdy.  is  abserve<^^| 
8ai^    no   ohserred  element    therefore   requires  the  "  con'ectiona  ^^H 
for   index    error,    for  dip,   for  semidiameter.       But,   fiirtlier,   tll!^^| 
•Uuoephere    lariouely    aiTects    such    olwerved   elements:    and   t)l^^| 

iiilii  iiufounU  Kor  the  eake  of  compapisoii  »>i.l  cmii|niUti">H,i 
olmervittiiuiB  nuAt  be  tnui9(omie<l  inUi  what  tliey  wiiuld  have 
Iwl  the  bsdiea  been  viewed  throngh  a  UDiform  uiedmni,  Mid 
one  common  centre — the  ceutre  of  the  earth  i  hence  tlie  addll 
oorrectiona  for  reErkotioD  uid  parailax.  It  U,  however,  only 
•lotnenta  that  nre  tho  subject  of  direct  obaetvKtuiii  on  board  aliip  i 
otliere,  at  the  declinatiuu  ami  right,  ucunaion,  are  found  by  cnnaulting 
the  NaulicKl  AlinitniK.  They  Kre  there  t&biilateil  for  certain 
(iroonwich  datea.  But,  before,  wo  can  uie  them  in  our  oalciOatioiu. 
they  miiBl  Im  reduced  to  wliat  tJioy  would  )ie  if  observed  (rom  the 
Bhip'a  place  at  the  iiutant  andor  coiisiderotiou.  A  Himple  proportion 
will  generally  enable  ub  to  do  thia ;  and  the  prooeu  ia 
"forrccting  "  the  declination,  right  aiceurioi 

Course.— The  course  ia  the  direction  in  which  k  abip  «&ila 
one  place  to  another,  'his  direction  being  referred  tothegeogiaptl 
meridian,  whii^h  lies  truly  north  and  south,  to  the  magnetic 
meridiiui  o(  any  place  or  to  the  positiou  of  the  compass  needle  by  whiuh 
tlie  ship  is  sleereil.  The  former  is  diatinguislieil  as  the  True  CuiirK, 
tlie  aecmid  aa  the  Ciii-rtrt  MagnHir.  Courae,  anil  the  liuit  as  the 
Com/I'm  Cuiirif.  The  course  is  reckoned  from  ni^rth  Inwards  eaal 
»nd  west  when  the  aliip's  hood  is  '.osa  than  eight  points  from  the 
north  ;  and  from  south  towards  east  and  west  when  the  ahip's  head 
is  less  tlian  eight  pointa  from  south. 

tn  rhumb  sailing  the  course  is  constant,  and  ia  Ihe  conimon  angle 
trhich  Ihr  Iraek  moke$  with  llie  meriiliaiu  lytiifj  btlmttt  l!<t  place  UJl  omt 
Ike  jiliicr  tounhl.  It  is  rei'koued  from  the  north  point,  towurds  the 
east  and  west,  when  the  siiip'i  jiead  is  leas  than  eight  points  from 
the  north  ;  and  similarly  for  the  south  point.  In  great- 
the  conrae  is  being  conataBtly  cliauged. 
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COURSK  AND  DISTANCE  CURRKNT.  153 

Oourse  and  Distance. — Problem  in  geo-navigation.  To 
^^^<i  the  course,  and  distance  between  two  places  of  known  latitude  and 
'^^^^^tude.    Two  general  methods  of  solution. 

1.  By  "  meridional  parts  ** ;  from  the  formulae— 

(a).    Tan  Cou«e=jg^J^ 

.*.  L  tan  eouree  - 10= log  difif.  lat.  -  log  mer.  diff.  lat. 
fb).  Distances  True  diff.  lat.  xsec  course. 
.*.  log  diet,  sslog  true  dij£  lat.  +  L  sec  course  - 10 

2.  By  "middle  latitude  "  ;  from  the  formulsB — 

(a).  Tan  Cou™e=jj;j3^ 

Diff.  long.  X  cos  mid.  lat. . 

= True  diff.  lat. ^"^^y > 

.'.  L  tan  eouree^log  diff.  long.  +  L  cos  mid.  lat.  -  log  true  diff.  lat. 
fb).  Distances  True  diff.  lat.  xsec  course. 
.'.  log  diet,  =log  true  diff.  lat.  +  L  sec  course — 10. 

In  the  case  of  parallel  sailing  the  course  is  due  east  and  west ;  and 
tbe  distance  is  found  from  the  formulse — 

Distances  Diff.  long,  x  cos  lat. 
.'.  log  diet,  slog  diff.  long.  +  L  cos  lat.  - 10. 
The    shortest   distance,    and    the  varying  courses  required  for 
lowing  this  shortest  track,  may  be  found  by  the  rules  of  great- 
;le  sailing. 

bourse  and  Distance,  Ourrent.—The  course  and  distance 

^h  is  equivalent  to  the  effect  of  the  drift  and  set  of  the  current  ia 
h  a  ship  is  sailing. — See  Current • 
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OrOSSedObservatiOUa.— ("01lBerv&lionllC^oiss«a,"Borda).— 
tlfltng  Boritn's  repealing  reBectinj;  circle  a  seriea  of  pairs  of 
lervatioua  it  taken— tlie  first  of  eocli  pair  with  the  iQatrument 
d  in  tlie  lUrcct  poailion,  tbe  secoud  with  it  roveraeil.  Ttie 
vemier  thus  poueH  over  double  the  angle  to  be  meaoared, 
|d«l  error  being  elimiliatei].  The  rlirectiona  of  the  moving  reflector 
the  two  olvervatlona  croia  each  other,  poasiujj  between  them 
ougb  the  position  of  paralleliim  with  the  fixed  reflector.  —See 
Hrcle,  Borda'a- 

Orux  (L.  ■'  The  Cross  "}. — A  uonBtelluUou  which,  together  with 
lentsurua,  constitutes  »  bright  group  in  the  southern  heniispher 
ointcd  to  by  the  liue  joining  A rctur us  and  l^pics,.  a  Craeit  mag.  I'i 
A-  ISWi;  R.A.  12h2|m,  Deo. -62*  31'. 

OulminatlonalfL.  culmm,  "the  top,"  "ridge").— The  heavenly 
dice  in  tlieir  dliirnol  revolution,  when  they  attaiu  their  great«at 
i  tlielr  least  nltitude  above  the  horif.uu,  are  said  to  culminate  ; 
k  happens  when  tbey  cross  the  Tneridiaii.  All  those  bodies  which 
g  within   the  circle  of  pHrpatua!  apparition  visibly  come  to 

twice  in  every  diurnal  reroluCioii,  onee  ohev«  and  once 
am  Ihe  elevated  pole  These  are  respectively  called  their  ITpper 
i  LuiBer  Culmiivili'iai.  Such  ))odiea  have  n  Polar  distance  lee 
w  the  latitude  of  the  place.  Bodies  whose  I'olur  distance  i: 
Mer  than  tbe  ktitude  of  the  place,  but  not  so  great  as  to  prerent 
lir  rising  at  all,  culminate  only  once. 
OamoJua   (L.   "a  heap").- The   "Heap-Cloud",   one   of  tne 

modifications  of  cloud. — See  OlOud. 
Olimulo«tratlU. — One  of  the  combined  modifications  of  cloud. 
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Ouirettt    Charts. —A    Mercatoi's    thnrt    ' 

markwl  upon  it  will  niroril  tlie  navigator  much  n. 

pkSBa^jea.     An  oilmirnble   one  ia  contained  in  "  Wind  and  Currsnt 

Charts  for  I'lusifie,  Atlantic,  and  Indiau  Octmqs",  publislied  by  the 
Kydro^apliic  OtGoe  in  18TS.  Wtix'y  liiiea  and  arrnwa  ara  used  to 
indicaiQ  the  general  direction  of  the  current,  and  itn  miniinum  and 
pi&xiniiiin  rat«n  are  attached  in  G^rea.     A  aiipplementary  chart  ia 

given  f'lr  that  part  of  the  Indian  and  China  sean  where  a  uhnnge  in 
the  Moiisoon  brings a1)out  n corresponding cliange  in  the  aeland  drift. 

Current  Course  and  Dlstanoe.— The  mi  nud  drift  of  a. 
nuiTBDt  treated  m  a  course  and  diataace  in  tlie  day  work.  The 
durent  a  known  beforoband  from  charts  and  uiling  directions.  It 
niut  b«  'urcfnlly  noted  whether  the  Iriir  orniaj/ruficset  ia  thua  given, 
ia  onler  that  the  current  course  may  be  corrected  if  naoBsaory. 

Onrrent  Sailing^. — When  a  ehip  is  sailing  through  a,  aeit  in 
which  lli''re  ia  a  current,  the  ctfect  of  this  cuncnt  will  b«  to  aet  her 
B  a  certain  direction  and  drift  her  at  a  certain  rate.  The  consequent 
ibanj^e  in  her  position  may  be  found  by  considering  the  ftt  and  drift 
m  >  eoune  and  diitonoe,  which  are  called  the  fumni  eovrir  and 
tiatanct.  Thu  motion  due  to  the  action  of  llie  current  goea  on 
admttltsneoualy  with  the  sailing  of  the  ihip  over  n  given  distance  on 
iribed  cDurae  ;  but  the  two  may  be  treated  si^panitely,  and  a 
worked  to  obtain  the  combined  result.  Current  sailing 
tbu  reduced  to  a  cue  of  Iravtrie  lailiag.—See  SaXUngB. 
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poiiil  S  ii  Qied  upon  to  Beuwanl 
giving  Uie  nearest  ufe  iliHtiiii::e 
a  ship  cftD  appcoacli  t)ie  dntiger 
D,  theu  llie  angle  subti^uiiecl  at 
this  stHit  by  tlie  two  objects  A 
iW'l  fi  IB  catUil  "  tbe  danger 
aag]e."  Having  marked  the 
point  S  uu  the  chart  uid  joined 
SA,  SB,  tbe  angle  ASB  may  be 
mnu  ursd  by  a  protractor  aod  set  upon  the  lextant.  If  a  segment  of 
t,  drcls  be  deaoribed  on  AB  posaing  through  S.  then  at  every  point  on 
thia  arc  ASB  tbe  angle  subteodcd  by  A  and  B  will  be  the  nine, 
tEoc.  III.  21 ).  ThereFore,  aa  long  aa  the  angle  at  the  ahip  subtended 
bjr  A  and  B  remaiua  constant  she  i>  on  this  arc  and  in  safety  :  if  the 
utgle  diminiahea,  the  ship  is  outaide  "  the  danger  aegment "  and  ia 
■BiliDg  well  clear  of  tbe  danger  :  but  if  the  angle  increases  it  indicatea 
tiiaX  ahe  i*  within  the  daiigrr  segment  and  wiU  probably  be  stranded 
if  in  the  vicninity  of  D.  The  angle  ASB  is  really  thn  "safety  angle," 
but  it  is  Qjuftl  to  call  it  "  tbe  danger  angle,"  its  magnitude  Laving 
been  choaen  m  protect  the  ship  from  running  into  danger.  It  is 
deainiMe  to  Gi  upon  convenient  land-marks  beforehand  for  the 
dangin  lying  near  tbe  ship's  course  on  a  voyage,  and  hare  the 
danger  angles  tabulated  for  use  when  required.  In  doubling  a 
promontory  with  outlying  reefs,  thia  danger  angle  will  enable  the 
navigator  to  double  it  with  the  greatest  advantage,  passing  at  the 
■borteit  disUnce  consistent  with  safety.  In  running  along  a  coait 
which  1»  washed  by  shallow  water  for  a  considerable  diatanco,  a 
taries  of  Innd-niarks  shoidd  be  choaen,  each  anccessive  pair 
giving  a  new  danger  angle  which  can  be  put  on  the  seiluit  in  turn 
a  mark  |ikaaa«  aatera. 
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bewiue  aXX  the  elementH  there  tabulnteJ  aro  given  For  time  at  lh« 
meridiui  of  Green widi.  It  ia  deduced  iciitn  the  tliip  'lale  by  applying 
the  longitude  is  time. 

Day. — (■enerall]',  the  time  occupied  by  a  rotation  of  the  earth 
on  ber  txie.  as  indicated  to  a  Bpectatnr  on  the  earth  itself  by  tho 
eorrespondiug  ajiparent  revolution  of  the  ceiestiol  concave.  Rul 
more  partiuulnrly,  aome  point  (which  may  either  be  fixed,  or  have 
K  proper  motion  of  its  owo)  moHthetakun  to  mark  in  commencemeat 
and  period,  which  vre  call  the  "  point  of  detinition,"  nnd  tho  choice 
^T«a  riM  to  a  diBtiiiction  of  aevernl  kinds  of  days,  which  diSit  from 
aach  other  elighlly  in  length.  (1)  IC  the  Gvat  point  of  Arias  (to  which 
tlM  potitioua  of  all  the  stars  are  re(erri.<d)  be  taken  as  the  point  of 
definition,  we  have  what  ia  called  a,  Sidrrr.al  Day  ;  IS)  It  the  actntU 
•on'*  centre  be  taten  aa  the  point  of  definition,  we  have  th« 
Apparrnt  S'Jor  Day  ;  (3}  It  the  centre  of  the  fictitious  Truan  mm  bs 
btkes  oa  Ihe  point  of  definition,  wo  have  the  SIi-jih  Sular  Day  ;  (4)  If 
tlie  moon's  centre  be  taken  as  the  point  of  definition,  we  have  k 
Xuniir  Day.  These  are  all  included  under  the  term  Aitronnmieat 
Jhty.  OS  dialingnisbed  from  the  Civil  Day  and  the  NauUi^l  Day. 
The  seientilic  term  "  Day  "  is  never  used  in  the  sense  of  ilag  aa 
oppuBsil  to  a'yiit. 

Day,  ABtrODOmical.— The  day  used  byostronomen  to  which 
to  nfer  their  observations,  being  distinguished  from  the  Civil  d*,y 
which  regnlates  tlie  ordinary  business  of  life.  The  astronomical  day 
topn*  at  noon,  and  ends  at  noon,  its  hours  being  reckoned  from  Oh 
to  Wi  :  the  civil  day  begins  at  midnight  and  ends  at  midnight,  its 
bom  b«ing  reckoned  through  twice  twelve.    The  astronomical  i* 

v   Umh   the  civil  day  by  twelve  hours.       The  cause  of  thi* 
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incouTenietit  difference  in  the  modes  of  reckouing  ia,  IhKtt^tronomera 
carry  on  their  ubaervnlions  chieQy  i.t  night,  and  if  they,  therefore, 
adopted  the  oiril  method  oF  reckoniug,  they  would  have  to  chaaga  the 
date  at  midnight,  the  former  and  latter  portions  of  every  night'l 
obaarrmtionH  belonging  to  two  diQereatly  numbered  oivil  daya  of  the 
month.  It  hoB,  however,  baen  quaationod  whether  thia  iuconvcnienoe 
would  be  aagreittiLB  that  resulting  from  the  present  neglect  of  uniform- 
ity in  reckoning  time.  According  to  the  poiut  of  deGnition  choeen 
[Day],  the  Astronomical  Day  ia  cither  a  Sidmnl  Day,  on  ApparfM 
Solar  Day.  a  ilrnii  Solar  Day  or  a  Lunar  Day  ;  the  term,  when  Oted 
alone,  U  uaunlly  undaratoood  to  refer  to  the  "  Mean  Sotai-  Dag." 
Reckoning  in  moan  solar  time,  whiuh  ia  the  same  as  civil  lime,  a 
mean  solar  day  ia  24h  ,  a  oidereal  day  23ti  56'n  4-09'  ,  nud  ao 
average  lunar  day  24>i   64ni. 

Day,  Sidereal.— The  interTol  between  two  successire  tnuLsits 
of  tlie  firat  point  of  Aries  over  the  same  meridian,  the  firtt  point  ct 
Aries  being  tlic  origin  to  which  the  pusitious  of  all  stara  are  referred. 
This  is  called  a  tiilfrKi!  day,  althoagh  not  atrictly  determined  by  the 
stars  ;  but  tho  very  slow  motion  of  the  first  point  of  Aries,  relatively 
to  the  stars,  mnkea  this  day  practically  the  aame  as  if  a  6ied  atar 
bod  been  taken,  for  if  two  clocks  be  set ,  the  one  on  the  first  point 
of  Aries,  the  other  on  the  filed  slar,  eo  as  always  to  mark  0*i  0™  0" 
when  the  ;min(  or  the  atar  reapeetively  conies  to  the  meridian,  the 
difference  of  tho  two  clocks  would  only  be  about  3>  in  the  whole  year. 
The  length  of  the  sidereal  day  in  mean  solar  time  (which  is  the  same 
as  civil  time)  ia  23ti  .'5C">  4  09'  .  the  ratio  batwaon  it  and  the  mean 
solar  day  being  as  1  to  iOOSTSTOI.  The  sidereal  day  ia  divided  into 
tweatj-'foiit  BUicitsaX  hours,  and  these  are  again  subdivided  i 
nuaatm  aad  seconda. 
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Da7,  Solar.— The  interviil  between  tWoaucceaBJvatrBJisitaofUlB 
io'b  centre  over   the  same  meriilinn.     The   Apparent  Solar  Dajf 
oriei  in  length  in  conaeqnence  ol  the  variable  niation  of  the  am 
the  ecliptic,  Bud  bf  the  iDcliDntion of  theecliptic  totheequator  ;  he&ca  I 
necessity  of  inventing  >   uniform  measure  nf  time — the  ifean  | 


Day,  Apparent  Solar.— Tlie  iiitervni  betwcuu 
tr&nsita  of  the  actual  aim's  centre  over  the  some  meridian ;  it  l>egini 
when   Lliat  point   is   on  tha   nieridian,     The  apparent  solar  day  ii 
variable  in  length  from  two  cjiuses  ;   first,  the  sun  does  not  movf 
uniformly  in  the  ecliptic— ita  apparent  path  sometimes  describing  an 
irc  of  ST',  knd  at  other  times  an  arc  of  61'  in  a  day ;  secondly,  the  1 
■citptic  twice  croeies  the  equinoctial— the  great  circle  whose  plane  i*  I 
perpcndicuhir  to  the  axia  of  lotation— and  hence  is  inclined  differently  I 
o  it  in  its  different  parts  :  nt  the  points  of  interaection  the  inclination  | 
■  sboot  23*  27',  at  two  other  limiting  points  they  are  paralleli 
uniform  measure  of  time  is  obtained  by  the  invention  of  the  itean  I 
Solar  Day. 

Day,    Mean    Solar.— The    interval  between   two  succesaivo  J 
ttknaila  of  the  mean  tun  over  the  same  meridian ;  it  begins  when  tho  t 

m  son  i«  on  the  meridian.     This  ficlitiovis  body  is  a 

re  in  the  eqninoctial  with  the  menu  motion  of  the  ac 
the  eclipliu.     The  length  of  Uie  moan  sohtr  day  is  the  average  length  J 
of  iiiB  apparent  iwfar  daye  for  the  space  of  a  solar  year. 

Day,  Civil.— Tlio  day  use,!  for  the  ordinary  purposes  of  life.  J 
The  motion  of  the  sun  in   the  lieavena,   brlngpn^  the  alterations  of  1 
light  and  dorlcnnss,  (leteniiinea  generally  our  social  arrangamenlA, 
Mid  linM  being  kept  by  mecbatusm,   the  day  must  be  of  iovariabU  I 
^^  M    2 
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cuuUftTj,  a  abip  sailing  oastwiLril  meets  the  aim  in  liu  diurual  a 
and,  when  she  liiui  uirciunDavignled  tbe  globe,  Ibe  ana  wilt  evidently 
hBTS  croued  her  meridiui  ODce  more  than  if  she  hnd  remained 
atatioiiBry.  Hence  a  vestwikrdty  circumusvigator  loses  a,  duy  in  Uia 
r«okoiiiiig,  ttn  eoMtwardly  circiumiavigator  ^uiiiB  u  dny.  The 
allenttiOD  of  the  date,  by  inserting  a  day  or  leuTiiig  out  ona  in  the 
•hip's  log-lmok,  sliould  be  made  od  crossing  the  mcridiau  u[  ISO'. 

Day,  Intercalary. —The  day  that  is  iatercsUted  or  inserted 
in  llie  calendsj'  in  leap-year  tii  niB,ke  up  for  the  odd  hnum,  miuutea, 
and  secouds  of  the  tropical  year  wLiuh  have  beeo  left  out  in  making 
the  oivil  year  to  consist  of  366  integer  days.— See  Calendar. 

Day's  Work.— The  work  of  computation  required  in  navigating 
«  Bhip  tor  every  tweuty-tour  hours.  The  term  is  ganeraUy  restricted 
to  the  dead  reckoning.  At  each  noon  the  true  eourse  and  ilittuna 
viaiU  gnml,   the  Itititttde  and  lmigit\ult,  and  the  compOMt-hrariay  and 

Uinct  ot  the  point  which  il  to  regulate  the  ship's  course  durin);  tli« 
neit  twenty-four  hours,  are  wanted.  The  data  for  this  work  are  the 
Utitnde  and  longitude  at  the  preceding  noon,  the  oumpass  courses 
and  distances  run  on  each  course  during  tbe  last  twenty-four  hours, 
the  variation  of  the  compass,  the  deviation  of  the  compass  for  the 

ions  directions  of  the  ship's  head,  particuUrs  of  tlie  dii-ection  ruid 
for««  of  the  niud  with  the  conse(|uent  leeway,  and  the  set  and  drift 
«£  the  cnrrBol  if  any.     The  term  "  Day's  Work  "  mny,  however,  lie 

lerstfiwd  to  oomprisa  all  the  computitiou  which  the  navigator 
rejfularly  makes  every  day.  and  the  results  of  which  be  iuaarts  in  the 
log-book. 

Dead  Reckoning.— Rrferred  to  by  the  initials  D.  R. 
Ecoout  kept  of  tJie  ship's  pliiee  from  results  obtained  by  the  methods 
of  geo-narlgntioQ  only,  as  distingnisbed  from  the  acconnt  deduced  J 


^?^^ 

of  lieariii'jf,   Sinintlinga,  and   Lnggiiiy:     In  practice  the  methwls  oT 
geo-uaiigBtion  and  celu-Diivigation  are  combiDed  ;   mid  in  working 

day,  by  applying  tlio  difference  of  latitude  niada  good  by  the  ship  in 

an  observation  has  been  obUiiued)  of  the  preceding  anon. 

DecamAtre  (Gk.  a^na,  "  t«n  "  ;  Fr.  m/ire).—&  French  mcMoro 
(■[  iHiiglli,  consisting  of  ten  mitres,  and  equal  to  39371  Euglish  inchei. 

Decimetre  (L.  •Ic^^ma.  a  "tenth";  Fr.  milrf).—A  Freimh 
nieaBiiie  nf  lengtli ;  a  tenth  port  of  the  mitrv,  and  eqna]  to  3-937 
English  iuoiits. 

iBHiiing,"  a  doviatioD  in  a  lateral  direction}.  — 1'he  angular  diHtano*  of 
Uie  buily  from  the  equtuuctinl.     It  is  nie&aured  by  the  arv  of  an 

1              liBtweeD    the    equinoctial   and   the  plaue   of   the   body,   or  by   the 

1             rackoued  from  0  to  W  North  (N.)  and  Soutli  (S.)  to  the  pole^     It  i* 

«jcording  as  they  and  the  elevated  pole  are  of  the  same  or  different 
namna.      In  the  Ust  of  Fixed  Stam  in  the  "Nautical  Almanac," 

neeative  (  - ),      The  complement  of  the  declination   is   the  polar 

1            Jtiid    iiidicaling    tbeir    positions    rehiLively     to    each    other.— a«»jj 
ao-ordiu&teB  for  the  CeleatVta  S'ti^exo-                          ^M 
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Declination,    Circles    of.— OreiLt    circles    of    tho   celeetial  ^^M 

crdin»te    "  d«clinattoii "    is    meaaured    upon    them.      Wliea    polar  ^^| 
cD-ordin&tea    ue    ooDteinpliited,   tbU  iyatem   of  cirulea   ia   called  ^^M 
"Hour    dr-Jt*"    and   "  drdei  of  Bight  AtteniUni,"   ai   marking  ^^H 
oat  all  p«in»  tfaat  have  the  nine  hour  ugle  and  the  nune  right  ^H 
aMuion.                                                                                                          ^1 

DooUnatlon,  Parallels  of— Lesser  cirdte  of  thecelcfltial 
eoDCBve  parallel  to  llie  ei[iiiiiuctiftl.     They  mark  nil  the  pointa  of  the 
beaTDDB  which   liBve  the  bb me  declination,     Conipuro  "  Parallele  o( 
Latitude,"  "  PoraUels  of  Altitude." 

Declination  of  the  Compass  Needle.— A  t«rni  tome- 

limei  lued  by  scicutific  men  for  the   "  ilagnelk  ruri'afiun"  of  the 
needle,  and  found  in  that  aente  in  tbe  instractiooa  given   by   the 
Council   of  the   Royal  Society   to  Captiin   Sir  J.  C.  Rom.  on  hU 
expedition  to  tbe  antarctic  regioua.     Eaper  strongly  protests  ajjainst 

MMn«ii.-See  Uagnetic  Needle.                                                 ■ 

Deep  Sea  Lead.— The  imtrument  used  for  sounding  in  deep    ^M 

wfttef.— See  Sounding                                                                ^M 

Deflnltiona— A  definition  ia  a  descriplicn  in  which  two  poinU    ^M 
mnat  b*  attended  to  ;   First,   it  must  aiolude  everything  but  what  ia    ^H 

■npciflaouH.      Thus  we  want  a  definition  of  the  Celestial  Meridian. 
.     U  we  ny,  "  Tbe  Celestial  Meridian  ia  a  great  circle  of  the  celestial 

«<meaTe  which   pusea  through  tha  zenith";   this  is  true,  but  ik^H 
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Degreea   of  Longltude.-A  caution  «  necessary  «Rata«t 
1       colling  tbe  minute  of  b.  degree  of  longitude  a  mile.      The  length  of  a        ^_ 
L      minnteof»degreeoflongitiide  vnrieBmclifferptitlittit.iae8,  whereo*       ^M 
1     &  mile  U  a  measure  of  iav»ri»b!e  length.                                                         ^1 

of  pTobablf  mrir  in  the  computations  oE  the  navigator.      All  tbe      ^^H 
etemenU  which  form  the  data  of  his    problema  are   more  or  ten      ^H 
DDcertAin  ;  noma  of  them  have  to  Ije  aaoertained  more  ttcouratelj      ^^| 

reault,  than  rnider  other  ciroumatanoeB.       The   knowledge  of  the      ^^| 
degree   of  dependence  in  each  case  ia   indiapensabla  iu  forming  a 

tme  place  of  the  ship  lien  ;  the  principle  should  alwaya  tegalate  the 
■moant  of  lalwur  to  )>e  Leatowed  on  the  work  of  ditferent  part*  of  ^^m 
the  compn  Cation.                                                                                            ^^H 
Deneb.— An   Arabic  word  aignifying  the  tail.      It  ia  u»ed  to  ^^| 

Tfatu  a  Vygni  ii  called  Denth  ;  ^  Zfonii  ib  called  sUo  DeiKbola.  or 
•oniMimea  aimply  D«irb;   there  ia  also  Deiidi  Al-f:di  in  CapricorauaL 
It  were  well  if  the  word  fell  into  disuBe.                                                       ^^ 
Departure.— If  llie  rhumb-lino  be  drawn  betweeu  two  plaoM  ^^H 
on  the  earth's  surface,  and  pointe  lie  taken  on  it  indefinitely  near  to    ^^H 
«wh  other,   thedepartureis  theaumuf  theinriefiiiitely  smatlarcBOt    ^^H 

k      II  IW7  be  regarded  ai  tlie  distance  in  naaticol  miles  made  good  dii«    ^^H 
■   <Mt  or  dne  wwt  by  a  ship  following  a  conitant  courao,  and  is  marked  ^^H 
K  «Mt  (S,)  «r  WMt  (W.)  according  m  it  is  made  good  towards  tbe  eut  ^^H 

VA.  
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by  referring  it  W  floma  other  position  of  known  ktitude  oud  longitude. 
A  filed  and  conspicuous  oliiect  ia  dotennined  on.  and  the  •Urfction  in 
whiob  the  ihip  Ilea  from  this,  and  her  diilauft  from  it,  are  found. 

I.    WUIioui  the  hftp  of  tht  chart.  — \,  The  (dVeedon  the  ship  holds 
with  referoDce  to  the  object  it  furnished  at  once  by  Inking  with  the 
campoju  a  benriog  of  the  object  from  the  ship.     2.  To  detorniiQe  tho 

urou  the  liue  of  direction  of  the  object,  the  distance  may  be  found 
Irom  two  beoriaga  of  the  object  aud  the  run  of  the  ship  in  llie  intcrvsl 
of  time  between  taking  thecn,     (3)   Sometimea  the  distance  may  btt 
BMMured  by  the  velocity  of  aound.     (4)  When  theabjectofdepartnrtt 
ia  Uie  summit  of  high  lund  of  known  elevation,  iU  distance  may  b* 
easily  found,   either  when  the  object  ia  seen  on  the  sea-horizon  or 

diitance  may  be  found,   while  atanding  directly  townrda  or  from  it, 
by  meana  of  two  altitudea  and  the  run  in  the  interval  of  time  l)et  treen 
obterving  them. 

il,    With  a  eliarl  a  departure  may  be  taken  by  any  of  tlie  following 

Und  (with  a  difference  of  bearing  of  a*  nearly  90"  as  possible)  ara  ^H 
oliMrred,  and  the  lines  of  bearing  laid  down  on  the  chart.     Their  ^^M 

M  in  reoovering  a  lost  anchor,  verifying  soundings,  oto.     (3)  By  th; 

Mnuhly  with  the  distance  of  the  object  set.     (4)  The  line  of  bearing    ^^J 
of  a  aiogU  object  may  bo  combined  with  another  iiue  which  orosMi  ^H 
It  nearlji  ftt  right  augloa,  and  on  which  it  is  also  known  that  the  ahip^^^f 
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lies,     audi  a  liiie  also  iimy  be  ohULned  by  3unmer'«  mBlhod.     If  the 
latitude  ol  a  ship  Ib  known  vhsn  the  object  bears  N.  ftod  S.,  her 

when  the  objeet  benra  E.  and  W..  or  uearly  to.  her  position  may  b« 
.             laid  down.     CombinationB  of  this  liiiid  would  bo  used  in  cases  wh«l     _ 
1            the;[l>earLng  of  one  uhjiiot  only  (as  a  low  point  of  Und)  can  b«  UkMj^H 

Depression,  Angle  of— Wbeu  a  speotator  is  looting  down 

npoQ  an   obji^et,   Hid  angle  of  deprcssiou  is  the  angle  througb  which 

the    ul)j«cl    appears  depressed   below  Ibo  horizontal   plane   drawn 

1             through  his  eye.     We  apeak  of  the  "Angle  of  Dapreasion  "  or  the 

1            "Anglo    of  Elevation,"  according  lo  the   rektive  position  of  tb« 

1            ipectalor  and  the  object. 

Depression    or   Dip  of  the   Sea-       ~~~~-^-        ^^M 

Horizon.-Tho    angle    through    which    Uie                  yN.       ^^M 

«!flVliMfin    nf   Hip  i-vn  nf  t.liB  ■ppctAt/ir  libnvn  the          ..'                           \d^^l 

Burfai-e  of  the  earlli.     The  visible  horizon  nwy   /'^P\~~~~-.,^         \  ^^1 
'beregftrdedasthoiuterseclionwiththecBlostia]    V[/        ^^^^Nir^^B 
concave  of  a  cone  whose  vertex  is  the  eye,  and         ''                        / 
which   touciies  the  earth's  surface  in  a  smnll                                ' 
circle— tlie  soa-horiwiB  [Horizon].     If  the  eye  ho  situated  aetoally 
OH  the  surface,  thia  cone  liaeomes  a  pkno,  andtheBea-horiioa  a  point ; 
tuid  the  tp-ealer  the  elevation  of  the  eye,  the  greater  evidently  will 
be  the  extent  of  the  sea-horizon.     Thus,  as  the  eye  becomes  elevated 
the  sea-horizon  becomes   "depressed"  in  proportion.     Let  E  be  the 

1          •urfaoe,   F  being  TerUcally  under  him.     Then  E  i«  the  centre  of  the 

17l| 


celestial  concnve.  Draw  the  horizontal  EH  tlirough  E,  meeting  tba  1 
celeati«l  concave  in  H  j  and  througii  E  also  draw  tlia  tangent  E"H', 
meieting  the  celestiiil  concave  in  H'.  Then  t!io  angle  HRH'  is  the 
depression  ol  the  borUou  for  the  height  FE.  To  show  how  the  dip 
i*  CAloulated— If  c  be  the  elevation  of  E  (  =  FE),  and  B  the  radius  of 
Uwe»rtli{  =  Cj);  then  dip  =  HEH'  =  !>0°-.EC  =  EC». 


Tan.  dip  =  U>n.EC«  =  ^  =  (bj-  Eoc. 
JRT   _    V2e.  R  +  e'_^/'-> 


itly,     A  table  called  "  Dip 


of  the  Sea-Horizon"  is  inanrted  in  all  nautical  tables,  calculated 
generally  up  to  :tOO  feet  elevation,  that  being  the  limit  within  which 
all  oliaervatioiu  are  taken  at  aea.  An  accidental  relation  fumiibe* 
a>  with  an  easily  reuienil)ered  rule  for  finding  it  approKimatefy  :— Ths 
,  dip  in  DtiDUtes  is  the  square  rout  of  the  height  in  feet.  Tbedipisone 
,  of  the  "  corructiont "  that  has  to  be  applied  to  the  observed  altitude 
of  heavenly  bodin  taken  at  sea.  The  observer  on  the  deck  of  the  ship 
brings  the  iniage  of  the  body  (aa  Xjdown  to  Ids  visible  horizon.  Thus 
tlie  observed  altitude  (as  H  X)  is  too  great,  and  has  to  be  diminished 
by  the  dip  (HH'I  to  obtain  what  it  would  have  lieen  if  observed  from 
the  nirbce  of  the  earth  (HX^.  The  dip  gives  the  distance  of  the 
risible  hfiriain,  for  the  arc  F)  i*  measured  by  the  angle  EC*  =  90°  — 
CE«  =  HEH'. 

OepreBsion  or  Dip  of  a  Sbore-Horizoa.— Some  times, 

when  the  distant  sea-burizon  is  hidden  by  tlia  intervention  ol  land. 
Ml  sititndc  has  to  be  observed  from  the  wiiter-liue  on  the  beach. 
The  diitunce  of  this  ' '  ahore-borizon  "  may  be  GBtimated  nearly  ;  it  ia 
always  less  Uiau  the  distance  of  the  sea-horizon.     The  dip  (or  the    j 
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'              In  m  table  of  which  the  orgumciita  are  "  the  height  of  the  eya  "  IB^h 
"  the  dittuioe  of  the  thore."                                                          ^^H 

DeprSBBion  or  Dip,  Apparent  and  True.— Tlie  nmod^" 
of  the  liip  i*  affeotetl  by  refraction,  ftnd  according  m  the  effect  of 
refraction  is  not  or  is  allowed  for,  the  dip  ia  called  ftpparant  or  true. 

»bout    -08    of  the   dip,    independently  of   this    correction.       The 
apparent  place  of  the  Baa-horizon  is  not  only  anbjeot  to  inequalities 

with  the  relative  temperatures  of  the  aes.  and  air.     When  the  >ea 
ia  warmer  than  the  nir  the  apparent  dip  given  in  tbe  table  is  too 

stances  below  its  mean  place  i    when  the  sea  is  colder  than  the  air 
the  contrary  ia  the  case.      In  finding,  with  the  sextant,  the  altitude 
of  any  body  when  it  is  above  GO',  the  uncertainty  to  which  the  diu^^ 
liable  may  be  eliminaMd  by  obaerving  the  altitude  from  the^H 
opposite  points  of  the  horizon.                                                              ^^H 

1  Deviation  (L.  de,  "from";  mn,  "  Way  ").— Turning  aside  froM 
the  way  or  the  right  line.  This  term  ia  uae.i  for  the  deflection  o( 
the  compaaa  needle  from  the  magaetio  meridinn  caused  by  tbe 
attraction  of  the  iron  on  board  the  ahip.— [OompaBS]  It  is  aome- 
tiines  qualiiied  as  the  "  Local  Diviatiun."  Such  .[ualiBcation  would 
be  appropriate  and  necessary  if  there  werea  deviation,  roaultingfnnn 
any  other  cRU»e,  from  which  to  distinguish  it    Rnper,  who  invariably 

f            iiaea  it,  recommends  tfiat  the  simple  term  ■'  DcvioUon  "  should  be 

tlBad  rather  in  a  generic  ienae  implymg  the  introduction  of  the  term 
Magnrtic  Deoiatlon.  Still,  howover,  he  retains  the  common  word 
"  Variation,"  but  always  quaiifies  it  as  "  Magnetic  Variation." 

Il  IB  DOW  generally  agreeil  to  confine  the  term  "  Deviation  of  the 
Compass  "  exclusively  to  the  error  caused  by  the  attraction  of  the 
iron  in  the  ship,  whether  employed  in  her  cooBtruotion,  ia  har 
eqoipmcnt,  or  in  her  cargo.  For  the  three  boutcbb  of  compass  erron, 
see  Compass  Brrors. 

Diametral  Plane  of  a  Sphere.— A  plane  passing  through 
ite  centre  and  diridiii);  it  inUi  hemiaphcrea. 

Difference  of  Latitude. — The  difference  of  latitude  of  two 
placei  on  the  earth's  surface  is  the  arc  of  a  roeridUn  intercepted 
between  their  parallels  of  latitude.  Rcace  the  difference  of  latitude 
«f  a  ship  for  any  period  of  a  voyage  is  the  dietanoe  she  makes  good 
In  a  north  or  south  direction.  This  is  called  also  her  "  Afort/ima  " 
<a  "  Soullilng,"  these  nameB  being  indicated  by  their  initiala,  N.  and 
S.  When  the  two  placea  are  on  the  same  side  of  the  equator,  the 
difference  ot  latitude  is  found  hy  subtrooting  the  less  from  the 
greater  ;  when  they  are  on  the  opposite  sides  of  the  equator  the 
difference  of  latitude  is  the  numerical  sum  of  th(<ir  latitudes.  If, 
however,  the  latitudea  reckoned  north  are  callsd  positive,  and  thota 
reckoned  south  negative,  then  the  difference  of  latitude  ia  alwayi 
tJie  algtbraic  difftrence  of  the  Ulltudea.  In  plane  sailing  the  above 
term  is  sufficient  in  itself,  but  in  spherical  saOing  the  introduction 
ol  the  Mtridioaal  Diftrfiict  of  Lntilxule  makee  it  necessary  to 
make  oi» also  of  the  term  "  True  Dlfa-f nee oj  Laliliide."  Itiscoimected 
with  tlio  distance  and  course  by  the  relation — True  dilT.  bt.  =  diet.  > 
«N.  ooarse." See  Rhumb  SaiUuSt  Fundamental  Defln- 
I,  and  Ftudamental  Propositions. 
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inallun,  beuauaa  it  ilirEOta  tlie  mind  to  that  pole  of  tliB 
needle  whicb  is  below  Die  Imrizpn,     The  dip,  like  the  v 
■ind«reo«s  a  cycle  of  ahnnge,  and  lias  uIbo  diurnal  oBcilUtioi 
preieut  value  at  Londou  ia   about  <i7'.     The  dip  is    of   importalica    I 
to  tlie  navijjator,  u  it  appears  lo  re^ilate  the  local  deWi 
«oinpa.M.      It  also  retidorB  neocsaury  an  adjiisttnent  to 
horiMHtality  of  the  compass  card. 

Tan,  dip  =^  2  tan,  mag,  !at 


Dip  of  the  Horizon.— See  Depression. 


Direction.— It  in  important  iu  navigation  t«  note  the  mutoer  I 
in  which  direclion  IB  conventionally  described.     The  Uirfrliun  nflUe  i 
Viind   U  named  after  tbe  point  uf  the  i^uipusa /ruin  wiik'h  It  blow*,    { 
wUcreos    Uic  illrecUon  of  it  atrrent,  ttrtam,  or   I'ulemii'e   is  named 
[  «rter    the    poiul    of    the    compua    towarJi    which   it  seta  or  ja 
propa^led.      The  rewon  of  thia  is,  that  the  impoi-tauce  of  thu  wind 
dopeuda  in  a  great  measure  opou  wlial  it  brings  ub — storm  or  riuu, 
cold  or  heat :   and  alao,  tlic  diroutiun  uf  the  wind  being  apfiareiit,  it 
ISO  be  miule  available  in  aleeriug  the  courso  requii'ed,  aud  henco  the 
•ye  of  the  suxmoii  is  directed  to  wtudward.     On  the  I'ontruy,  ths 
I   direction  oi  the  current  i>  gonet'Hily  only  found  afterwards  from  lla 
«fl«cta  upon  tlie  position  of  the  ship, — carrying  it  IowhrU  Ihc  point 
I   h)  wbicll  it  is  tatting.     The  niind  ol  tbe  aeainan  is,  Ibureforc,  turutn] 
I  to  111*  direction  in  irhich  hn  may  be  imcduaciouely  drifting  to  dai>ger,  J 
I  -Htil,  aiaa,   it  ia  frcla  the  point  towards  wliiuh  be  may  have  drifted  J 
LtkAlbahMitubsaqneatly  to  makoallownncciuuimodtfyhls  conrw.    i 
iniitd  4(ter  the  point  of  the  compass /ivm  which  the  wave 
[^Ak«  tbe  wind  that  piuilut-ea  Ibem.       Thii  is,    bowMer  J 
N 
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aometiines  oxprewly  mentioned  :    <.  a.   "SweU  from  S.E.  "   instowl 
of  "Soulli-eaalaMyawHlL"     Tha  "  lana-breele"  nnd  ■ '  MO-bpe«mj^^ 
blow  reapeclively/roni  tlie  knd  nutl/'-ai't  tlie  aeit.                            ^^H 

Distance.— Tliere  are  do  (ewer  than  (our  difforent  aeltsM  n 
whicli  Bcainen  wiU  find   this  word   used.  Tk:—(1)  the  length  o(  the 
track   wliich   a  ship  makes  in   sailing  from  one   pUce   to  another 
witLuut  vh&Dging  bar  couiae;    (3)  the  length  o(  the  shortest  route 

I                between  two  places  ;  (3)  the  angle  subtentled  at  the  eye  between  two 
objects:    14)   the  difference  in  time  between   the  meridiAia  o[  two 

1                places.     These  differeneea  in  the  use  o(  the  word,  are  tieoguisecl  in  the 
following  definite   terms  :~>ll)    Rhiunb   diatance,   (2)  Great    Clntle 
Distance,  (3)  Angular  Distance,  [*)  Chroliometrio  Distance. 

L 

"Distanoe."— In  navigation  this  term  is  used  in  a  techni<»l 
sense,      'ihe  "  distance "  between  two  plocea  ia  the  arc  of  the  rhumb 
line  joiidng  them  expressed  in  nautical  miles.     It  is  the  length  o(  the 
ship's  traoit  when  aha  laila  on  a  constant  oourse  from  the  place  o(  bw 

i                departure  to  tlie  place  o(  her  destination.    This  ia  always  the  setwa 

r               Bttuiiling  alone.     U.  ia  not  the  (Aor'^^f  distance ;  (or  just  aa  on  ahon 
we  speak  of  the  distance  we  shouhl  have  to  walk  from  one  pUtM  to 
the  other,  and  not  the  distance  as  the  crow  flies,  so  on  the  sea  w* 
apeak  of  the  distance  which  we  in  practice  sail  over.     With  a  liev 
o(  gUftr.hng  against  wobiguity  the  term  ".Voiitfcai  DUt^tnee"  hu 

1                by  a  Btmight  line,   but  it  must  be  borne  hi  mind  that  equal  porH  ^^^ 

DtSTANOE. 


The  diitance  ie 


M  by  tlie  rulatioQS  ; — 


led  with  other  elemi 
Dist.  =  departure  k  cosi 
Di«t.  =  true  diff.  lat.   x  i 
In  the  particular  cnse  nf  parallel  Bailing, 

Dist.   =  diff.  long.   >   ( 

— See  Rbumb  Sailing:,   Fimdainental  DeflnltiouB,  and 
Fundamental  Pro  position  a. 

Distance,      Shortest.— The  shortest  distance  bttween  t 
places  ou  liie  cartli'i  surfEVco  ia  tlie  inlflrcupted  arc  of  the  great  circle 
puaiDg  through  them.     When  we  speak  of  the  dislatico  between  t> 
pniDta  on  a  plane,  wc  meau  the  sliorteat  distance,  and  ho,  in  a  ftrictly 
goometriutl  seoie,  on  the  surface  of  a  sphere  the  distance  would   I 
inCMi  the  shortest  liistaiii^e.     The  term  dUlanct.  however,  being  used   | 
bj  the  navigator  in  a  tecbnicoJ  sense  for  the  arc  of  the  rhumb-traok 
between  two  places,  when  the  arc  of  the  great  circle  is  to  be  indicatf 
the  word  ahoul<l  always  be  qualified  as  the  ahorltut  distance.     ] 
greU-cirole  sailing  the  sliortest  distance  is  the  trai^k  approiimated  ti 
kod  on  «  chart  on  the  central  projection  this  track  is  represented  by 
»  atnijihl  line  ;   but  it  must  ha  borne  in  mind  ttiat  equal  parte  of   I 
h  line  do  not  represent  equal  distaaces  on  the  earth's  surface. 

I   tn  gt«*t-oircle  sailing  the  shortest  dislaDco  ia  found  by  the  solution 
B  ephecical  triangle  of  which  two  sides  and  the  iacludcd  angle  are 

I  given,  Iriini  the  known  latitudes  and  longitudes  of  the  two  places. 

)  See  Qreat  Circle. 

Distance  of  Two  Heavenly  Bodles.—This  is  to  beander- 

I   etood  not  aa  the  absolute  tiiienr  distance  bctwcea  the  two  bodiea, 
but  their  angular  ilislaiicc  from  each  other  as  seen  from  a 
pmnt,     Bieeeured     by     the  arc  of    the    great-circle   joining    their    . 
pnJMtioc*  on  the  oelestial  concftve.      The  angular  distance  is  taken  J 
N    2 
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by  a  navigator  situated  at  an;  pl&(:e  oil  tbe  earth's  surface  with  a 
eeitant,  and  the  uncarrected  result  gf  guah  ea  oUarrution  t*  called 
the  Obttrmd  jyittaHCt.  Tiiia  being  cleared  of  "  iudei  error  "  and  (if 
limbs  of  tbe  bodies  are  obierveil)  of  "  lemidianieters,"  tlie  obaerved 
is  reduued  to  the  Appaiint  IHttaiKt.  Again,  for  oumparison  and 
coniputatiOD,  all  elements  have  to  be 
oletirod  of  the  effects  of  "  refrnt-tion"  and 
"parallax" — I'.r.  reduced  to  what  the; 
WQuliI  be  if  taken  by  au  observer  looking 
through  a  uniform  medium  from  the 
centre  of  the  earth.  Tbe  apparent  di»- 
tAtico  ia  thus  reduoed  to  the  Trw  Dittartet. 
The  two  may,  tlierefore,  be  thus  diiUB- 
guislicd.  I'be  apparent  distance  of  two 
heavenly  bodies  ia  tlioir  angular  distance  as  viewed  tlirough  the 
atmosphere  by  a  spectator  on  tbe  earth's  aurfitce  ;  the  true  dislaace  is 
their  anguUr  distance  concJived  to  be  viewed  tlkrou^jh  a  uuifona 
medium  from  tbe  earth's  centra.  Thus,  let  A  nnd  T  be  llic  apparent 
bnd  true  places  of  the  moon  wlien  at  X  ;  A'  anil  T'  the  n]>|iarent  and 
true  places  of  the  moan  when  at  X'.  Tbea  AA'  i>  the  apparent 
distance,  and  TT'  the  trim  distiiiice  between  these  two  poaltiona. 

Distance,  Meridian-— The  dilTerence  in  time  bctn-een  the 
meridiriua  of  t\vo  place.— Scj  Longibude,  Difference  of,  la 
Time. 

Double  Altitude— A  r.oinbinntir.n  of  two  allitiide*  tor  Uw 
solution  of  the  same  problem,  aa  in  finding  the  latitude  or  rating  * 
ehrtinometcr.  It  is  usual,  boWB^'Dr,  to  ruslricl  the  term  Datl^ 
AUitiidi  to  tlie  rigorous  method  of  Ending  latitude  by  two  altitudM  ^ 
«  boily,  or  of  two  bodies,  and  to  diBtingiiish  M  an  "  H-iuit  AUUhJi'' 
tlione  fur  mtiag  clironomoler.— See  Altitude. 


Double   CIironoiDeter.— A   nn 
P»rtica1ar  caHS  of  Gniiing  poaition  by  Sumner'i  method,  nlien  both 
bodiaa  hniipen  to  lie  aufGcicntlj  far  from  the  meridian. 

Draco  (L  "Tlni  Dragon").— a  winding  oonBl«llation,  wli 
cammenciug  frDin  between  Ursa  Major  and  Urm  Minor,  extend*  U> 
LyrL  The  two  principal  eiart,  y  and  p.  form  a  conspioucuB  port 
^ttuit«d  nearly  on  the  line  joining  a  Lt/ra:  nail  a  Urgti  MajurU  i  thi 
lino  whicli  joinB  o  Cygni  nml  ^  HnO'if  alao  passing  near  them.  ■  y 
Oraevnit,  also  called  lln-'fi'inii,  is  the  noiregt  one  to  Lyra;  in  iu 
dinnftl  eour«e  it  puses  ovcc  tjiiidon ;  and  if  a  line  be  drawn  from  it 
to  Pokria,  Uio  pole  n(  tLs  ecliptic  will  lie  near  this  line,  at  about 
I  the  Mune  diatanae  from  y  DrofORU  as  Chat  star  is  from  Lyra.  This 
I  «tar  ii  of  historic  interest,  as  a  change  in  its  polar  ditkiiice  attracted 
BndlBy'*  atlaotiou  and  Leil  to  the  discovery  of  aberration.  Mag. 
2-4;  NA..  1896,  R.A.  nh  Mm;  Hoc.  +  .ir  Sff.  (3  J>raco(ii>,  mag,  | 
Itt  B.A.  ITI-  2*1.,  Dec.  f  52*  2a. 

DrUl  of  a  Ourrent. — The  distance  through  which  the  citrreat    ' 
flows  iu  a  given  time.     Drift  =  time  k  rote.— See  Current  and 


Drift  Current.— A  aurtoce  c 


produced  by  the  action  of 
r™B  Majorit. 


Dubhe.  -Tiif   Arabic  uame  tor  the  briyhl 

— See  Ursa  Major. 

Dygoeram,— "  Force  and  Anglo  Diagra 
for  "  Dynamogonio-gram  "  ;  flili'afuf '' force,"   7uicia  "angle,"  ypifiiimM 
"  dtUneation  "  Uow-yfiipui  "  to  grave.")    A  gM>inetri«al  ooastruoHoi 


»  of  llie  ineridinu  shew  Ihat  I 
lOrittiaji  na  it  npprouches  the  1 


(3).   But  acoirale  m<»Bui'einei> 
lh«  Exrlh  is  nut  a  porfeut  spher 

pole  u  found  not  to  have  bo  great  a  cuvvalure  as  it  hns  r 
equator,  whioh  proves  that  the  Earth  ta  somewhat  flattenc 
polar  regions,  bulging  out  in  n  corresponding  degree  in  the  equatorial   ] 
regions.  Such  a  figure  is  called  an  Oblate  Splirroid    A  symnietiicftl  o 
would  be  generated  by  the  revolution  of  an  ellipse  about  its  min 
axis,  and  is  heuce  called  an  Ellipaoid  of  Beouliilion,      The  ounclusion  1 
derived  from   measurements  of  arcs  of  ineridiuns  is  ooiifirmed   by  J 
pendulum  obBervatioiis  and  deductions  from  the  motion  of  the  Moon.   [ 

(4).  But  finally,  from  a  survey  of  grodoticat  results  all  o 
world  it  is  found  that  different  nieridiauB  possess  different  e 
til  cui-valure,  so  that  the  equatur  is  itseU  an  ellipae  Liateail  of  being  m 
a  circle,  and  ttiat  the  shape  of  the  earth  is  nu  JSlHptoid  o/lhrtt  I 
mittqual  aza, 

Banh.     Magnitude  of— Thedimousious  of  the  terres'riall 
•pheroid,   as  deduiied   by   different  authorities,   vary   with   tlie   n 
«Ktended  and  scoumted  data  availuble.  We  give  two  :~ 
Diuneters  in  feet 

SiK  John  Hbrrchel, 
fAatnmomylth  edtlioa)  41,8at>,S&l        41,S43,O0li        41,707,796  | 

COU>K(L  A.  R.  CURK, 
tg7Kscl.Brit.Whedit.lS77J   4I.8,J2,700        4l.83i).!144        41,7CH;,85a.  , 

Iiimitiiig  the  figure  to  an  ellipsoid  of  revolution  Colonel  Clarke  1 
givM  tli«  (csult  eqaivalont  to 

rial  diameter,  41.852,124  feet  or  792 
laiueter,  41,710,242      „       781 


>1,T00.T93,  thedilTereDcebe: 

Uiitillately  tliethiuknewof  tiie)jrotubcrantriiiswiiHg«nerallyt*lcen 
to  ^o  ,lg  of  the  oqiiatoriml  rmliini.  Pendulum  exporiniontii  g»va  m 
«llipticity  of  ,A,,  and  that  deiluutxl  trnm  tha  motioa  of  the  Moon 
jlj.  The  fraohon  generaJly  »i5c>pteil  at  preiout  is  ,lt'  Caiisidoring 
thii  Enrth  u  a  upherG,  its  aireanif«rouca  mny  lie  taken  in  rounit 
ruiiilwre  Id  be  So.OOO  niiloa,  and  its  diameter  S.OOO  miliu.  Thn 
tliamder  is  nlxiiit  tlie  lO-Jtb  pai  t  timt  of  tbe  San. 

Bast  Point  of  the  Horizon— The  eut  ii  the  canlinal  point 
on  ihM  fide  of  the  horiEoii  where  the  heavenly  boditu  rise,  llie  Bait 
and  n'frl  I'uialt  are  the  iioiiita  in  which  the  prime  vertical  iiiteneiit* 
the  boriEoi),  the  ei|iiinoctiiJ  aho  paniiif;  thrani-h  them  ;  hud  thny  am 
tlia  origiiin  trim  which  aitiplilndva  are  tevkuaed.  They  aie  the  pole* 
of  tl-e  coleitial  meridiaa. 

Basting.  — Th«  di'tanoe  expmaed  in  nnntical  ii 
good  ill  iiti  eut  direction  ;  it  ia  her  dajtaiiire  when  railing  eaatwaid.  I 
Opposiid  to  llWidj. 

Eclipse  ((jtl'*\e<^i7,   from  /<Xoir«»,   "  to  leave  m 
awriy."  " disappear"). — The  pheDumenonof  a oeleatial  body  diaapp« 
JBjj  from  view  in  whole  or  in  pnrl 
through  the  abadow  of  auotlirr  boily,  or 
from  the  spectator  paaBlng  through  Iba 
•hadow  of  an  Jntervouilig  body.     The 
siiu   (SS-).   the  aource  ol   light  iu  our 
■jstoni,  II  luiich  larger  than  any  of  its 
opnqite  atlenduit  plaoota.    Every  pianist 


m^ 


priiuarr  and  «((<olii)ar7  (na  PF),  thus  Mita  k  conical  ahndnw  Into 
>paoa  { I'PtJ)  caIIsiI  the  Umbra,  within  whiuh  a  ■psctntor  c»ii  ses  no 
part  of  the  *uii'»  iliic.  Enveloping;  the  nmlira  is  a  portion  of  snother 
ODiiical  gpvie  (PBP'B')  cnlleil  the  Fenambra,  where  if  a  dpectntor  ba 
■itDHted  he  tun  sea  a  portion  only  of  the  lUn'a  disu,  anil  leceive  unljr 
partijil  lunshine,  an<I  less  and  less  the  further  he  entera  from  the 
BXterior  bordera  of  this  cone. 

1.  Let  na  consider  the  cases  where  the  eclipse  of  a  body  takea 
pUoB  Iiy  iu  piusing  through  the  ahadow  of  another  body,  presenting 
BU  tippearance  iudepeodeut  of  tlie  position  of  the  apectuMr. 

1.  Luaar  EcUiHf*. — K  lanar  eclipse  tiikes place  when  tha  moon  iain. 
<q>poaition,  nr  on  tha  oppuaite  aide  of  the  earth  from  the  sun  (and 
when,  tbercEore,  it  ia  full  moon),  provided  alio  is  at  the  same  time 
vary  Dear  one  of  her  no>te<,  or  the  points  where  her  orliit  crossci  the 
pUne  of  the  ecliptic.  Ifthe  full  moon  is  in  the  nnile,  it  will  also  be  in 
the  axis  of  the  earth's  ihadow.  nnd  the  eel  ipae  will  be  central,  poiaibljr 
eoDtlniting  for  two  lioura,  as  the  brea-lth  oE  the  shadow  whtre  the 
moon  orosaes  it  ia  about  3]  the  luuon'a  diunjeter  ;  when  the  fuil  moon 
i*  f>  near  the  node  as  to  ba  wholly  immened  in  the  shudow,  the  aclip&e 
will  be  tvt<d ;  and  whea  only  a  part  of  the  diao  la  iuimerseil,  tha 
•olipae  will  htpaHuiL 

S.  JupUxr  and  hii  SaleVi'ei: — Inetend  of  the  earth  and  moon,  ire 
may  ContempUte  any  other  planet  that  hoa  a  satellite  ;  nnd  in  doing 
■»,  we  ahall  notioe  two  different  kinds  of  eclipaea.  The  case  of 
Jspiter  ia  the  most  important,  II)  The  aatullite  ia  eclipsed  in  thu 
ahadow  of  the  planet,  such  phenomenon  lieinff  to  a  spectator  on  the 
tuface  of  Jupiter  a  lunar  eclipse.  (2(  We  observe  alao  the  shadow  of 
the  aatellite  puaing  over  the  dif  o  of  the  plaiiot.      By  a  spootalor  on  > 


I 
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,i.nce  a  P"'^"*'  "^  ^J     .r    in  ot*'«''  *  .utor  b<4»*  *^ 

•^.  „ ..  -tc.:  """'»■" "'":..  *»'-'•''''•%'■'■ 
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chnractar  atrictly  speaking  is  on  Annular  eclipse  of  tlie  sun  by  the 

PartioilUM  of  these  phenomena  are  given  in  tlie  "  Naiitiol  Almftaac." 
EeUptIO  (Gk.  U\(,rm.ii,   "pertnining  to  an  eclipse ■').  so  ciUled 
backiue  an  nclipse  of  the  moon  is  only  pOHsible   when  she  is  in  or  near       ^H 
the  •cliptic— The  path  which  the  sun  appears  to  describe  annuallyin       ^M 
ths   heavens,    rouod    ibe    earth   as  centre,    from  west  to  east,   in     ^^M 

in  the  same  ilirectioq.     The  ecliptio  ii  a  gr«at  circle  of  the  celestial    ^^H 
-oonoave,  though  the  earth's  actnat  orhit  U  an  ellipse.    To  explain  ttiii :   ^^M 
IM  the  llgare  represoiiC  the  snn  (S)  in  one  of  the  foci  of  the  cUiptical     ^^ 
orbit  of  the  earth  (E„   E,.   E..  etc.)  and  a  Boetioi.  of  th 9  celestial 
«oncave  by  ihe  plane  of  this  orbit  iiidetiuitely  extandad  (3,.  S„  S„ 
etc ).     To  a  spectator  situatad  on  the  earth  at  E,  the  «i>u  will  appaar        ^^ 
to  U projected  on  the  oeleatinl  concave  nt  S,.  aa  the  c.rth  n.ovea  on  to      ^M 

E,.  the  SHU  will  appear  to  move  on  to  S,.  an.l        ^ -^              ^M 

when  the  earth  arrives  at  K,  the  sun  will  be      /^                     \s^       ^M 
at  3,  ;  and  so  on  until  the  enrlh,  having  mode    /        e,^._/^ Y       ^| 

when  the  ann  also,  after  a  complete  apparent   \         ^i        \       /         ^H 
r«ToIutioo,willbeBeenagainBtS,.   The  ecliptic    \                        >^,         ^| 
MthBBaturaleqnatorof  theheaveng,andiBthe          \.^^_.-^     '          ^M 
primitive   circle   in  one    of    the  systems  of  co-ordinate!  for  deflning       ^H 
poinU  of  the  celestial  concave  and  indicating  their  posiiiona  raJatively       ^H 

ecliptio  ix  divided   into  twelve  parts  called  ■'  signs,"  each  containing 
3ir.    aiul    receiving    their   names    from  constollations   which  were 
tiboiled  ia  them  at  the  time  the  names  were  given,     These  divisioni  ^^M 

BleTation,  Angle  of. — When  a  tpeoUtnr  is  Imiking  apwariU 
at  MI  ol'JHct,  ■■  the  togi  ol  ■  ci'tama  tba  aogla  of  elnritiiMi  it  tbe  nngla 
Uimngh  wbich  the  nbjpoC  Appears  elevated  nbore  tbe  horizaiilA]  ]ilano 
pMsing  through  hii  eye.  When  he  b  looking  nt  kn  objeot  ntuktad 
Wnw  the  tame  hnrizoiital  [iluie,  u  nt  the  rellectino  iiC  the  top  of  tt^H 
ooluriiTi  in  a  pu^il  n[  water  we  ipeak  of  tbe  angle  toriiieil  in  the  M^^| 
nuniier  m  the  Angle  of  Dpprcaainii.  ^^M 

BUipse  (Ok,  f\\i,4;i.  "  a  Wling  abort  of ").— For  expUnation  ol 
the  dorivation  at  the  word  see  Oonlc  Sections.  The  ellipia  h  « 
figure  oi  gnut  importance  to  the  nautical  Btiiiltut.  It*  fona,  in  k 
generiLl  seiie^  is  oval.  Ita  exact  form  is  giveu  by  thie  property: 
Within  it  are  two  point*  called /oci,  xacb  that  ibeiumof  thedistnncea 
of  any  point  in  tbe  circuiiirerence  from  tbem  ia  couatnnt.  Setting 
ui'te  the  reciprocal  attruitinn  of  the  earth  on  the  eun.  and  tbe 
perturbuti'ina  cnuted  by  the  attraetiona  of  the  other  bodies  of  the 
ayaCein,  the  tinrth  revolves  in  an  ellipse  roinid  theaun  in  oneu!  the 
foci.  Anil  thia  ia  the  aame  for  the  orbits  of  the  other  pUneta.  Ajpun 
tbe  fartu  of  a  meridian  of  tliv  earth  ia  an  ullipae. 


'tnylit,  "  to  come  out  "), — The  terminatirm  of  ■ 
lament  when  the  oectiltod  body  reappear*  (ranil 


Emersion  (f. 
an  <>ocu I  tuition,  or  t! 
behind  the  nearer  o 

Bpaot  (Gk,   iriyiir,    "to  »dd  in).— The  number  in dicaWng 
^aya  and  parts  of  a  day  "  to  be  adiled"  to  the  lunar  year  of  tweb 
lunar  nt-intha  to  make  it  up  lo  tbe  solar  year.     This  number  ^n 
eonie'iuently  the  moon's  af;e  at  tbe  commeneemeMt  of  I h«  call 
year.     A  mean  luiiatiou  i»  29J  121'  l4i>  i  the  moon  ihereforo  desoril 
in  36.1  <Uys  twelve  complete  lunations,  aud  10>>  l.ih  of  the  tliirtat 
hence   on  escb  Ist  January  ita  age  ia  lOd  1GI>.  on  the  avuaga, 


than  on  the  preaoding  1st  Jitnuary.  and  11>1  IG''  if  the  prei 

WM  »  Jeftp  yew.     Th<  JCpacl  Jur  the   Year  is  the 

Jaoutry.     Beaiile*  this  there  ia  what  is  dlatiiiguislied  ae  tba  Epadfar 

Ute  aioHlh.  wbicli  IB  the  inoou's  age  on  the  lint  dny  uf  the  mouth, 

BuppoaiDg  thu  uooD  tu  uhnnge  on  lat  January  at  uotn.     These  are 

nMd  in  qneition*  lelatiiig  to  the   tiiles,  and  are  (;iveii  in  Nautical  J 

Ttblea.  I 

Bphemeris— plural,  BphemerideB  (Gk.  /•pwrpu,  "« 
diai;y  "  ;  f rom  ^Ti,  prefix  indiculiog  aequHnoe  and  repalition,  and  4^^ 
"»  day").— An  Astronoinital  Almanac  is  bo  oillad.  In  auoh  all 
•Imuiao  ftre  regi«tereil  the  daily  poiitioiia  of  the  sun,  moon,  and 
vUnet«,  with  aiiuilar  useful  inforuiation  lespectiug  the  other  heavenly 
bodiea  ;  alao  phenomena  depending  upun  tliwie— as  the  tides. 
value  ol  all  the  \-uriou8  elemeuta  la  nut  tabiiliited  for  eceni  -laS  ** 
aaoa,  but  at  anch  intervali  as  the  nature  of  the  several  element! 
point*  out  OS  mnaC  advaritageoua  in  euch  case.  The  termisolaoJ 
kpplied  to  the  dilferant  lablea  contained  in  the  almanac  ;  thus  ihaj 
table  wbieh  giv«B  the  paaition  of  the  snn  for  every  day  is  callec 
Bphemeris  of  the  Suu,"  so  we  have  "  I'he  Ephemeria  of  Mar 
The  lall  title  of  the  ■'  Nautiisal  Almanac  "  is  "  Tlie  Nautioiil  Almanao 
Knd  Attrouuniieal  Epheuieri«,"  and  the  siuiiUr  work  need  by  the 
Ciernuaa  is  "  T)ia  Ephemeria  of  BeiUu." 

Equal  Altitudea -Two  equal  altitudes  of  a  heavenly  bodfl 
obaerve.1  while  it  ia  rising  on  the  east  aide  and  falling  on  the  west-| 
■Ideol  the  mcriUiau.— See  under  AltitudeB. 

Sqtiation  (L,   if jiuUio,  "  a  niakintte^ual").— In  astronomy  th« 
quantity  to  be  added  to  a  value  of  on  element  estimo 

fta  efiuivalent  in  nnether  form  which  ia  tcigilirod.     Tlina  wft  J 
l»i»  ByaatioH  »[  tqu-ti  AltUudtii,  Biuatioa  of  Time,  tie. 


Bquatlon  of  Bqual  Altitudes.— See  under  Altltudao.  i 
Equation  of  Second  Differences. —Sea  nnd«r  Secoi 
Differences. 

Bquation  of  Time.  —The  diBereuce  betwe^u  ftppm>«ut  and 
oieau  time.  It  is  inewured  by  the  Migle  at  the  pole  ol  the  be&vena 
between  two  haur-oirute«  pikwiing,  the  one  throogli  the  apparent  iud'i 
otntre.  the  other  tbiough  the  meui  snn.  The  eqiutton  of  time  i*  no 
cilled  because  it  etiAblui  ua  to  reduce  uppareul  to  meKD,  or  ineaa  bo 
apparvnt  time.  In  aouierjueuce  of  the  motion  of  the  sun  iu  the 
ecliptic  being  varinble,  and  the  ccliptia  out  being  perpendicular  to  the 
uis  ot  the  earth's  raUtion,  appnreiit  time  is  vnriable  [Ueau  Sun], 
Rjid  thiB  Quctuation  i«  considorable,  smounting  to  npwanls  of  half  4a 
l)oilr~sppireut  Docn  aomctimes  taking  plnce  aa  much  as  IBJ"!  before 
mean  noon,  and  itt  othera  sa  much  14)iii  after.  Theae  are  tha 
greatest  values  of  the  equation  of  time  ;  it  vanishes  alti^the 
times  in  the  year — tbis  occuring  aboDt  April  13,  June  15,  Septei 
and  December  24.  It  is  catuulated  and  insiirted  in  the  "  Nantil 
Almanac  "  (or  every  day  iu  the  year.  On  p.  I.  of  eooh  month, 
equation  of  time  given  ia  that  to  l>e  used  in  deducing  mean  from 
kppareat  time  ;  that  on  p.  11.  is  to  be  uaed  in  deducing  apparent  froiu 
mean  time.  The  dilfercnuo  in  the  value  of  the  two  arisea  from  th< 
being  tlut  at  npp,ir,  nt,  and  the  other  that  at  mean  noon.  A 
may  be  sepanitDd  by  an  interval  of  more  than  a  quarter  of  a 
the  equation  of  time  given  in  pp,  1.  and  li.  mny  differ  by  a 
oi  the  "  Uitf^.  lur  1  hour  "  given  ia  the  adjotuiny  column. 

HlquatiOn  of  Light.  ~A  body  is  eeen  by  the  Uglit  whtoli  M 
eoiittod  from  it  at  seniD  dnte  antooedent  to  that  at  which  the  lij 
outers  the  eye,      TUq  interval  is  what  is  ro>iuii'i'd  by  the  nitdulalioiis 
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to  tr>ven«  th«  ipiioe  between  the  body  and  the  spci^tntor.     If  tlie    ^^| 
object  is  ju  motion,  like  the  •un,   moon  and  planett,  this  wiU  caase  a     ^H 
dlatDrUnce  of  ita  pUoe  in  the  celestlJ  concave,  which  muBt  b«  aUowed      ^H 
for  in  reducing  ito  nppnrent  to  ita  true  place.                                                  ^H 
Bqnation,  Personal,  neo  under  Personal                              ^M 

Equator  (L-  o:,.iiir^,  ••  to  divide  into  equal  pirU")  ;—                            ^M 

1.  Terrestrial  Equator. -That  great  circle  of  the  e»rth      ^H 

wlioBe  pUne  is  perpeadlcul&r  to  the  axis  of  the  enrth,  and  conae<[uentl7       ^H 

e(|aator  i*  the  primitive  cirole  in  the  »y«lem  of  oo-ordiunte*  mod  loi  ^^H 
defining  the  pnution  nf  pUcua  on  the  earth'a  aurface.      Ongin— iatar^  ^^H 

2.  Celestial    Equator. -Th^tt  gr»t  oircle  ol  the  caeBtial  ^H 
coiinave  wlioae  plane  ia  perptriidiuuUr  to  the  axis  oF  the  heaveoi.     It-^^^| 
ia   th«  gnat  t-irde   iu   which   the  plane  of  the  terrestrial  pqnator,    ^^^ 

Aignator  U  nU.j  coUed  the  "  E-imuociiai:'  and  i«  the  primitive  cirde  in 

a  Bj>t«ni  of  co-ordinates  need  fur  drtiniuij  the  positiou  of  points  on  th«         ^^ 

ucciisioa  and  declination.                                                                                ^^| 

tlie  swno  term   "equator"  to  the  two  great  oirulea  of  the  earth  and     ^H 

ambigaity  «n  occur  in  ita  use.  even  without  the  qualifying  a.ljective»  ^^H 
•■Urrestrial ''  and  "  celestial."     But  with  stu.lents,  the  doublo  uue  of^^| 

of  the  iliingi  indicated,  ftnd  therefore  the  followiug  poiDt»mu*tbe 
carefully  borue  in  mind;  (1}  There  i«  not  gonerUly  that  coiiuectiOD 
h«two«D  the  ciroliwuf  tli«enrth  mkI  thoac  of  the  hcHveiw  which  Ktfirat 
light  a^ipears.  The  earth  rotiitdB,  while  the  heaveni  are  fixed  ;  ftild 
thiK  the  ti'rrestrial  equator  alio  rolairt  id  its  own  plaiie,  while  the 
oeleatial  eqiiat<ir  uiiiit  he  Jixetl,  M  the  Origin  of  co-ordinates  for  the 
beavenaia  apoiutinit.  (2)  Ajjiii.  thercJij^ir,  and  not  the  equinoctial, 
would  appear  to  form  the  natural  "equator"  of  the  heaven*,  ai  ia 
iudicated  by  the  name  of  the  ccr-oriiuatea  in  the  tyetem  of  which  it  ia 
tlie  piiniitive— longitude  and  latitude.— See  Longitude  and. 
Latitude. 

Id  conieqieuce  of  these  aiirl  other  geucra!  coiuidBriUi>iiB,  soma 
writers  restrict  the  wofJ  E-jualiir  to  signify  the  7'em»tri'it  Rj^alor, 
and  uge  the  terra  Biiilnoeti'itt  when  spaakiDg  of  tho.Celalial  E-juatOr, 
This  plan,  if  uniformly  adujitetl,  would  he  adi'autageone. 

Bguatorlal  Projection  of  the  Sphere.— A  projectim  o( 

the  aphoie,  whether  ortho^rapUii;,  stetengraphic,  or  central,  in  whidt 
the  priuiltivi-  plane,  or  plane  of  projectiou,  cuiucidaa  with  ur  it  pai*]l«t 
to  t'le  "equator." 

BgulangUlar  Spiral  (L  <"iuus,  "equal";  atignlu*.  "an 
angle".— A  spiral  is  a  cur»6  which  continually  recBles  from  the  ooutr* 
or  pole  while  revolving  about  it ;  llie  equiangular  spiral  on  the  cartll'* 
anrface  ia  ihe  spiral  which  cats  Ihif  meridiaiia  at  a  countuit  angle.  It 
iaslao  called  ihc  "  Loiodrvmie  Curcr,"  aad  the  "  A'AbibA  Liae." 

BguinOOtial  (L.  irqiiu;  "ettual";  tt(u:,  "night  ").—ThfttJ^ 
circle  uf  the  celestial  oouoave  wboae  plane  is  perpaiidionUr  to  tl 
of  the  heavens:   canscqiently,   every  point  of  it  in  equi-ilisbutV| 
tlia  north  and  south polaa.     It  divides  the  beuvensiuto  tlisiioi 
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»u<l  joutlism  hflinUpherei  The  nsina  is  derived  from  tbe  fiiUowing  1 
pheanmeni  ■  »t  ill  the  places  on  the  earth's  Biirface  beaaitth  tbi«  ci 
the  nighU  are  equal  all  tlio  year  rouud,  beitig  oC  Iho  couitant  leiigtli  of 
twelve  hnura — tlie  aun  setciiig  at  0  P.ll.  aod  llsiag  at  6  A.M.  ; 
wlien  the  inn  cioaees  the  e(jutnoctial—BR  he  doe*  twice  in  the  year,  tt 
the  vemal  aud  aatamnftl  equinoxes — the  niglita  are  o(  eqiml  leiigtli  all 
over  the  globe.  Tbe  equinnctinl  ie  aometime*  called  ihe  "  Crlrnlial 
£qualoT,"  as  lieiag  tbe  great  uircle  of  the  ceUatial  noocave  marked  out 
bj  tbe,plane  of  the  terreatnal  equator  if  indefinitel]'  axteaded.  It  wimlil 
be  convenient  if  this  compoand  term  were  altogether  auperseded  by 
tJie  eiitiple  word  E'lviaortial,  and  the  "  terrettrial  equator  "  imifoi  uily 
indicated  by  the  aimple  word  Equator.  The  o.-jninoctial  ia 
primitive  circle  in  nne  of  the  tyHtenuiif  oO'CritiDxteafordeiiDingpoiigU 
on  the  celeatial  concave,  nu J  indicating  their  poaitiona  relatively  to 
«ach  other.  Origin— vernal  equinoctial  poiiit ;  co-ordinates— right  j 
and  decliaatioD. 


Equinoctial  Golure.— Tbe  boar-circlo  which  pauea  th rough  1 
the  equinoctial  point*.  In  the  polar  oii-ordipates  tor  the  celB»tial  ' 
■pheie,  it  is  tha  initial  poaitioDuf  tbe  aecoudary  circle. — SeeOolureS. 

BquinoCtial  Points.— Tlie  two  points  of  the  ecliptic  in  which  it 
is  interaected  by  the  eqainnctial.  They  are  diHtiiiguished  as  the  YtriuU 
Bifitinortiai  Paint  aud  the  Aulumntl  Kiamocli'tl  Point,  bntare  in 
genersU/  culled  the  /^irm  Paint  o/Writi  and  the  Firtt  Point  of  Libra, 
M*beiDj  tb*  commenccnimit*  icapuctively  of  tbess  signs  of  the  ediptii*. 
•nd  they  are  r*preseiite<l  l>y  il>' it  ayml'ola  r  and  ^.  The  • 
■tallatioii*  of  AriH  and  Lilirn,  l.b»tigh  not  now  coincident  in  pnaition 
irith  them.  givB  tbeir  niimei  tu  tb.^'e  ilivlaioni  of  tlie  ecliptic,  sii' 
fi^re  of  tbe  lialonee  {V\>\»iViu  pvii\eut,  iirfereiice  to  thsequipoin' otd 
thg  d«y  and  iiight  at  tbe  i!i)uiiii>x.  The  first  jiFitnt  of  Aries  ii 
O 
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origin  or  lera  point,  from  which  right  uceuaioni  &rs  reckoned  on  tha 

eqiiuiocti>l  uid  longitndes  oq  the  eclipCic.     The  eqainoctul  poioti  do 
not,  howcTcr,  preierve  &  conat&at  placa  imong  the  itara,  but  traval 
baokwardi  along  the  ecliptic— i.e.   (rora  enst  to  west,  or  conti»ry  to 
the  direction  in  which  the  gan  Bppeurs  to  mov«  iu  that  circle.     Thi» 

&  complete   revoJution  would    occupf  25,B68  years.     U  ii  of  great 

time  to  titue,  their  o&talogaea  at  the  ittan,  which  are  referred  to  thi* 
shitting  vernal  equinoctial  poiut  as  origin.     Since  the  formation  of 

The  technical  phrnse  for  the  phenomenon  is  the  Frtcation  oftU 
JS-iuinoxrs.^a  term   derived   from   the   fact  thiit   the  epoch  of  tha 
equinox  every  year  "precedes,"  or  ia  earlier  than  it  would  have  beeft 
but  for  the  rotrogreasioa  of  the  first  point  of  Arie*.                              ^1 

Equinoxes   (U   <^q»ui.   "enual";   nor,   " night ").— Tha  *3^H 
pel  iods  of  tlie  year,  about  2lBt  of  Maroh  and  the  22nd  of  SeptemlMIl^ 

eiiuinootiftl.     At  these  times  the  daye  and  nights  are  of  equal  longUi 
throughout    the   world— hence   the  term.     The  two  equinoiea  ar« 

tormor  being   that  when   the   sun   passes   from  the  Houthern  to  the 
northern  homiiphore,   the  season  being  "spring"  in  the  northern 

to   tha  Bouthern   hsmiBpherc,    the  aeaaon  l)eing  "  autamu "  in  the 
uoithern  hemisphere.      These  torroa  are  relative  ;   for  what  aro  tha 

1                             ^                            Jl 
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where  there  ie  any  danger  of  ambiguity  or  oonfusion,  we  may  add  the 
qiialifying  adjectivee  "  northern  "  or  "  soathem,"  as  the  case  may  be ; 
thu,  one  date  would  be  called  the  Northern  Vernal  Equinox  or  the 
Souihem  Autumnal  Equinox,  and  the  other  the  Northern  Autumnal 
Mqmnox  or  the  Southern  Vernal  Equinox,  It  is  convenient  to  restrict 
(m  we  hare  done)  the  term  Equinox  to  indicate  a  dale  or  epoch  of 
lime ;  and  to  nse  the  expression,  Equinoctial  Point,  when  we  want  to 
refer  to  a  position  or  place  in  the  ecliptic.  Similarly  for  Solstice  and 
Soktitial  Point. 

BridftniM  (The  riyer  Eridanus,  the  Po).  —A  winding  consteUation 
in  the  soathem  hemisphere^  containing  one  star  of  the  first  magnitude 
A  Eridani,  This  star,  called  also  Achemar,  may  be  found  by 
biaecting  the  line  joining  Fomalhaut  and  Canopus.  Mag  1*0 ;  N.A. 
1896,  K.A.  Ih  S4m,  Dec.  -bV  46'. 

Brrom  of  InstminentS.— Under  this  head  are  classed  sources 
of  instrumental  error  which  do  not  arise  from  essential  imperfectione, 
or  for  which  there  is  no  conyenient  or  advisable  means  of  adjuetment. 
They  are  acknowledged,  determined  by  experiment  and  allowed  for, 
or  else  eliminated  by  adopting  certain  methods  of  observing. — See 

Instmiiients ;  Imperfeotions,  Adjustments,  Errors. 

Bstablishment  of  the  Port.— Synonymous  with  "  Apparent 
Time  of  Change  Tide"  or,  more  correctly,  ** Apparent  Time  of 
Sfz^Hy  Tide,"  The  time  of  high-water  at  full  and  change  of  the  moon, 
ml  the  given  port,  reckoned  from  apparent  noon.  It  is  the  actual  time 
of  high-water  when  the  moon  passes  the  meridian  at  the  same  time  as 
the  son ;  or  the  interval  between  the  time  of  transit  of  the  moon  and 
the  time  of  high-water  on  full  or  ohai\ge  days.  The  word 
"ttahliahmwit*'  expresses  that  thia  timA  it  Wloxi  ia  «h  «^asl^»x^ 

O  1 


■  (joubtj', 

'  to  isilcalate  ' 


(joubtj',  "port"  being  added  became  it  u  gensrmllp  at  importutM 
to  Mlcalate  tha  time  of  the  tide  for  porta  only.  Compu«  tba  Gernuo 
term  "  Uajaaxit,"  "hiirb(mr  time."  Whewell  dirtinguialiee  btlween 
tbe  TttJyar  Ettaiiluhrarjit  and  the  Corrected  BttabiUhmtTil.  The 
vulgar  establiiliment  may  be  determined  rooghly  by  obeerration  on  the 
day  of  full  or  change.  The  contrcted  estaldiahment  is  the  interral 
between  the  time  of  the  moua'a  trausit  and  tbe  time  of  the  tide,  not 
on  the  day  of  lyzygy.  but  comtponding  to  the  day  of  (yzygy  ;  it  maj 
bo  determined  by  obaerviiig  the  intervals  of  the  timea  of  the  moon'a 
traaBiC  and  the  times  of  the  tide  every  day  for  a  lemi-lnnation,  and 
taking  the  me>D  of  them.— See  under  Tide. 


f.  —  OE  the  Istten  used  to  register  the  state  oE  the  weather  in  the 
log-book,  f  iudicataa  "  Fog  ;"  t  "  m-Ji  Fog," 


Field  of  View.— The  area  within  which  objeot*  are  vuiibl« 
through  a  telencope  or  niicruicupe  when  the  instrument  is  adjuited  to 

First  Meridian.- Tbe  conveolional  meridian  whence longitnde 
ia  reckoned.  In  the  early  days  of  navifj^tion,  before  the  time  of 
Culumhug,  it  was  not  known  that  the  direction  o(  tbe  compaaa  needle 
goes  thronfth  a  cycle  of  change  at  any  given  place.  At  most  plicM 
its  direction  deviates  from  that  of  the  meridian  ;  bat  it  waa  obaened, 
at  the  beginning  of  the  aitteenth  century,  that  it  coincided  with  tha 
tneitdian  at  the  Isle  of  Ferro,  one  of  the  Caaaiie*.  This  maridiiB 
^Mt  therefore  fiXMJ  npon  by  the  old  geographera  and  naviptots  u  tlw 
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fint  meridian.  Upon  the  discovery,  however,  of  the  erroneous  natnre 
of  their  aasainption,  this  method  has  been  relinquished,  and  now 
different  nations  in  general  use  severally  the  meridian  of  their  principal 
observatory  as  their  first  meridian.  Thus,  English  astronomers  and 
geographers  consider  the  meridian  of  Greenwich  the  first  meridian,  the 
French  that  of  Paris,  aud  the  Oermaus  that  of  Berlin.  The  following 
are  the  longitudes  of  the  most  important  foreign  origins, 
reckoned  from  the  meridian  of  Greenwich  westward  :  Ferro,  17"  5S^  ; 
Paris,  357*  39^  38* ;  Berliii,  346*  28'.  U  taking  np  a  chart  it  is 
necessary  to  observe  what  meridian  longitude  is  reckoned  from. 

First  Point  of  Aries  (L.  Aries,  "  The  Ram  ").— The  **  Vernal 
ISquinocticU  Point "  is  so  called  as  being  the  commencement  of  the 
aign  of  the  ecliptic  of  the  same  name  ;  it  is  also  represented  by  the 
■ymbol  of  that  sign  T  .—See  Bquinoctial  Points. 

First  Point  of  Cancer.— (L.  Cancer,  '*The  Ciab").  Tho 
Summer  SoUtuiai  Point  "  is  so  called  as  being  the  commencement  of 
the  sign  of  the  ecliptic  of  the  same  name  ;  it  is  also  represented  by  the 
■ymbol  of  that  si^0. — See  Solstitial  Points. 

First  Point  of  Capricorn  (L.  Capricomus,  "  The  Goat'').— 
The  **  Winter  Sol$titial  Point"  is  so  called  as  being  the  commence- 
ment of  the  sign  of  the  ecliptic  of  the  same  name  ;  it  is  also  represented 
by  the  symbol  of  that  sign  Vf . — See  Solstitial  Points. 

First  Point  of  Idbra  (L.  LUnxi,  "The  Balance").— The 
**Autumnai  Equinoctial  Point "  is  so  called  as  being  the  commencement 
of  the  sign  of  the  ecliptic  of  the  same  nam  e  it  is  also  represented  by 
the  symbol  of  that  sign  ^. — See  Bquinoctial  Points> 


Fixed  Stars.— See  Stars. 


\             IQS                                      nuoip  w>>w. 

Fog.  -When  an  Bltitude  ot  the  tun  or  moon  u  wanted.  >  ii>vig*tor 
UofUn  <1iuppoiiited  bjr  fjodjng  the  horiion  obacureii,  or  the  body  itMlf 

the  ihip'a  tide,  or  from  n  boat.      VVbeu  the  aoa  or  moon  w*  wsu 
ditc  tbould  be  bisected  Dpoa  the  horizon.                                               ^^| 

Pomalhaut,— Tlie  proper  naaie  tor  the  bright  lUr   a  Pmbm 

Jtutni/ij  — .See  Piscls  Austr&iis. 

Fore-Btaff.— An  ancient  inBtrumont  for  Uikbg  altitude*  tad 
distaniiGd  at  aeft,  uid  bo  called  from  the  obiervar  fronting  the  object ; 
when  using  the  back-staff  hie  haok  ww  tonied  U>  the  object.— So« 
OroBB-ataff. 

Frigid  Zones  (L./rij^/iu,  "cold").— The  two  loncs  of  the 
earth  cut  off  by  the  polar  cirdea.     They  are  disliaguiahed  u  the 
A'ort'i  Frigid  Zom  and  the  South  Ft-igid  Za«t ;  the  tomier  being  thkt 
in  the  centre  of  which  the  north   pole  is  situated,   and   wliioh  ia 
bounded  by  the  rvretic  circle  (about  06"  32f  N.) ;  the  Utter  that  in  the 
centre  of  which  the  south  pole  is  eituatad,  and  which  is  1>ouuded  by 

the  poUr  circle,  the  breadth  of  each  of  the  frigid  zouea  ia  about  23*  ST*. 
Within  Ihem,   during  one  portion  of  the  year  (longer  or  ebort«r, 
Mcording  to   tbe  distance   from  the   pole]     the  sun  doea  not  dip 

1            ann'a  mya  striking  the  eurface  iit  thcM  regions  very  obliquely,  tte,,^ 

oiioossTRio.                                          199^^1 

^1 

g.— Of  the  loiters  used  t«  register  the  stule  of  the  weather  in  the  ^^H 

log-book,  g  indicates  '■  Glvomy  Dark  IS'mlliti:"                                        ^^| 

Qalaxy.-See  Milky-way.                                                   ^M 

Gale. -See  wind.                                                                 ^H 

0«mma  (L.   "sjuwul").— The  proper  name  for  the  Lrightslnr  ^H 

a  Corona  Burea/U.-See  Oorona  Boreallfl.                                           ^H 

Qeminl.  OonstellatlOQ  of  (L.   -The  Twins").— The  Uiird   ^H 

constelUlinn  of  the  zoiiinc,   lying  bettreea  Taurus  uid  Cancer.     Tb«  ^^H 

tvro  principal  at&ri  nrs  a  (/riiiinortiTn  called  Castor,  and  0  Oniiinonint  ^^^| 

taXlud  Pollux.      They  uiAy  at  once  be  found,  on  they  form,  with  (bfl  ^H 

two  Wigbl  stars  of  Auriga,  ui  arch  rouod  the  bead  of  Orion  ;  at  they  ^^| 

riM,  C^petla  is  tbo  uppermost  star  at  iho  pair  io  AurtKo,  and  Caator  ^^H 

is  the   uppermost  of  the   pair   in   Gemini,   the   name   of  Uia    two  ^M 

begjnuinj;  with  the  siune  letter.      Or,   again,   a  line  joining  Kigel  and                '' 

Hetalgenx,  and  aoiit.nued  a  little  more  than  its  own  length,  givei 

M*B.1.6!  N.A.   ISSe,  R,A.  Thas-n,  Dec.  +  32"  7'.      j3  Orminonm,  ^H 
^PoWu^;  Mag,    I.l:    N.A.   1896,  E. A.  7^  39<" ,   Dee.  +  28M7'.      T  ^H 
<7n7tin«™™,  Mag.  2,0;   N.A.   1896,  R.A.  Ch  32«,  Deo.  +  16'2B'.          ^^ 

Qemlnl,  SIga  of.— The  third  sign  of  the  ecliptic,  including 
from  60°  to  W  longitude.     Owing  to  the  precession  of  the  eijuinoies, 

Oemini  from  about  21st  of  May  to  about  21st  of  June.     Symbol  E.            ^Mj 

Geocentric    (Gk.   73.   "the  earth"!  Kirrpor,   "the  centre"),   ^H 

Goocentric  with   the  earth  ;   distinguialied  from  Hetiocenli-ic,   «oif  ^^| 

cmtrio  with  the  inn.     Tbegeocentric  place  of  on  object  U  itspoaiticm  ^^M 

— ——*■—" -"1 
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centre  ;  the  heliocentric  place  is  its  position  referred  to  a  celestial 
coiuave  concentric  with  the  sun  :  the  former  supposes  the  spectator 
to  l>e  in  the  centre  of  the  earth,  the  latter  in  the  centre  of  the  sui. 
TliiH,  we  have  geocentric  longitudes  and  latitudes,  and  heliocentdc 
longitudes  and  latitudes.  In  the  Planetary  Ephemerides  of  tie 
"Nautical  Almanac"  the  positions  of  the  bodies  are  given  geo- 
centrically  by  right  ascension  and  declination,  heliocentrically  ^y 
longitude  and  latitude. 

Geodesy  ((^k.  7^,  "the  earth";  dal<a,  "  to  divide).— That  part 
of  practical  geometry  which  relates  to  the  determination  of  the 
innj^nitude  and  figure  of  the  earth  or  any  given  portion  of  its  surface. 
It  comprehends  the  trigonometrical  operations  necessary  for  measuring 
tlie  lengths  of  degrees  and  constructing  maps. 

Geography  (Ok.  7^,  *•  the  earth  "  ;  ypd4>€ip,  **  to  describe,"  **  to 
i-,-\o  ").  -The  science  which  treats  of  the  earth  in  its  various  aspects. 
It  is  divided  into  ditiferent  bnuiches  :  (1)  Astronomical  Geography, 
which  regards  the  earth  as  one  of  the  bodies  of  the  universe,  and 
iji\  cstigates  its  form  and  dimensions  ;  (2)  Phytncal  Geography,  which 
takes  cognizance  of  its  natural  productions  ;  and  (3)  Political 
Ofntirapht/f  which  describes  the  divisions  appropriated  by  the  various 
comnuiuities  of  men.  The  navigator  is  chiefly  concerned  with  the  first 
two  branches,  but  all  that  is  ancillary  to  the  purposes  of  the  seaman 
may  be  classed  under  the  term  Nautical  Geography. 

Geo-navi£^tion  (Gk.  7^,  **the  earth"). — A  term  which  has 
been  proposed  for  that  branch  of  the  science  of  navigation  in  which 
the  xdace  of  a  ship  at  sea  is  determined  by  referring  it  to  some  other 
spot  on  the  surface  of  the  earth.  The  other  branch,  in  which  ths 
position  of  the  ship  is  determined  by  finding  the  zenith  of  tiis  pIsM 


from  obMrvalioDB  of  the  heaveuly  l^diea,  tto  iliBtinguish  Cbeoa  Oslo- 
navigation.     Il  hot  been  ciialoinbry  Id  apply  tlie  term  "  Navigat[on," 
in  a  Umiteil  lenae,   to  Um  furmer  of  tliess  iiiothodH  ;  hut  it  properly 
inilicstea  the  entire  icieiiue,  Kud  is  used  iii  that  generic  senae.     LA^iity 
in  the  u»e  uf  suieotlEc  terms  ia  very  objectionable,  and  the  confusion 
kruing  from   the   same  term   being  used   in   diiTereut  seuscs  vary 
incon*Giuent.     We  therefore  never  use  the  nrord  "  Navigation  "  u  & 
•jmonyni  of  "  Geo -navigation."    Agnin,   the  term,  "  Plane  Sailing  " 
ia  aometinies  loosely  extended  from  its  [iropei  technical  mean  lug  to  | 
embrBCs   the   whole  resalta  of  geo-navigntion.     The  cause  of  this,   [ 
perhspa,   is,   that  apparently  plane  trigonometry  only  ie  nied  in  th»  j 
•olntion  of  its  probUmi.  it  being  ovorlnoked  that  the  constructioi 
tha  Iftble  of  meridional  parts  (of  which  use  is  ma<^o]  iuvolvei  th»  I 
priniiiple  of  the  sjiheri:.     There  are  three  methods  in  geo- navigation  ; 
for  the  Bpot  on  the  eartli's  lurfoco  to  which  wo  refer  the  place  of  the  I 
.l.,|i    ,iu.y    U    eillict    (1)    ^■-■"■'^   k.,..^..   l,anii.wrl.,    (2)  a  deU=imiii 
bottom,    (3)   a  previously    d<:fiued  plai:^  of  the  aliip.      These  will  be    | 
found  more  fully  noticed  under  NaTigatiOD, 

GibbOUfi   (L.   ijibbnt,    "  protuberant  "t. — ^The  phase  of  the  m< 
Wben  between  ha[f  and  full.      The  planets  Mercury,  Venus,  and  Mftr»  J 
preaent  a  similar  appearance. 

OimbalS  or  OimboU,  formerly  Qimmals  (L.  gcmelm  "twin"). 
— Pairs  of  brass  hoops  or  cingi  which  swing  one  within  the  other  oi 
diameters  at  right  angles  to  each  other,  the  pivotA  being  on  the  inner 
aorfoco  of  each  auocessively  larger  hoop.  Anything  suspended  in  their 
MOtre  retftins  a  conitant  position  relatively  to  the  horizontal  piano 
in  whatever  direction  the  framework  is  tilted  ;  and  hence  this  is  the 
-  Iiirth™^  nwd   for  hanging  tlie  mariner's  aompaaa  in  its  place  on  board 


Olasses.—See  Log-glaes. 

Qlobe  (L.  glolrut).  —A  Uinn  BynonymouB  with  the  word,  ot  Grwt 
origiD,  "iphert."  It  it  genenill;  reatrlcled,  however,  to  mean  the 
tarth.  Another  ipeciat  application  of  tb«  term  is  to  artificial  ■plierical 
representatioiu  of  the  earth  and  the  heavens. 

Globular  SalUng.— AnUquated  lenn  for  Spherical 
Sailing. 

Q.M.T.— The  initials  by  whioh   "  Qreentcich   Mran    Time' 
referred  lo.  — See  Time. 

OnomoDic  Projection  of  the  Sphere  (Ok.  tkA/u*, 
"style"  or  "index"  of  the  sundial; 
from  7»i»ii!i,  "tomark"). — The " Cm- 
-tnU  Projirttan"  U  so  called,  ob  being 
that  adapted  for  the  construction  of 
the  dial.  If  the  terreatriol  ephere  be 
imagined  to  be  transparent,  with  an 
opaque  rod  for  axis,  then,  in  tha 
diiimol  revolution,  this  axis  will  throw 
«  shadow  corresponding  to  the  liour- 

oircleB  oF  the  celestial  sphero.  Let  these  hoar-oirolw  b«  e> 
projected  on  a  tangent  plane  of  the  celestial  sphere  and  a  eui 
formed. 

Great  Circle.— Threat  circles  of  the  sphere  oreaectioi 
■ui-face  by  planes  which  pass  through  its  centre  [Circles  of  thS 
Sphere].  The  great  circle  is  to  the  spherical  surface  what  the 
atraight  line  is  to  the  plans,  Just  as  the  straight  line  is  the  shortest 
distance  between  two  {>oints  on  a  plane,  so  is  an  arc  of  a  great  cLroto 
the  shortest  distance  between  the  two  points  on  the   surface  of  k 


rtiia  ■ 


sphere.  A  pl&ne  kiigle  ia  formed  by  tbe  meutiiig  of  two  stcaight  lines, 
»  aphericat  angle  u  formed  by  tbs  meeting  of  two  great  ciroles ;  K 
pl&D*  Iriangte  ia  a  6giire  contained  by  three  straight  lines,  a  spherical 
truwgle  is  a  figure  contained  by  three  arcs  of  great  circlet. 

Great-Oircle  Sailing.— In  great-circle  sailiog,  theihip  keep* 
OD  the  great  circle  which  pnsaea  through  tbe  place  of  departure  ind 
the  place  of  Jeatination.  ThU  is  the  ahorteat  distance  between  the 
two  places,  and  tbe  abip  ateera  for  her  jxirt  aa  if  it  wcro  in  sight.  At 
the  great  circle,  e^icept  in  the  caaes  of  a  nieridiao  or  the  equator, 
4oeB  not  make  a  conauuit  angle  witli  the  meridiaDS,  in  order  to  keep 
upon  it  a  abip  must  be  vonlinnally  changiog  her  course.  Thia  U 
practically  itupoaaible,  and  henca  what  ii  culled  ApproxlntfttS 
Oreat-Clrcle  SaUlng  *'  "">"'  <>'  '«*»  adopted. 

In  approximate  Great-Circle  Sailing,  several  pointu  on  the  arc  of 
,  tbtt  great  circle  joining  tlie  place  Uft  an<l  the  place  sought  are  tixad 
upon,  and  each  of  theae  made  in  succession  bj  the  ship  Bailing  on  tbe 
rhutub  lines  conueutiiig  them,  Tlie  auni  of  the  distances  described  on 
these  MTcra]  oonrses,  if  the  points  are  nol  taken  too  far  apart,  will 
not  differ  niacli  from  the  shorteat  distance,  Aa  the  direct  solution  of 
ilia  piobJem  reiinirea  calculations,  several  plana  have  been  devia^d  kt 
diflercnt  times  to  facilitate  the  practice  of  graat-ctrcle  aailing 
Amongxt  these  may  be  nientioncd  Towaon's  "Linear  Index  and 
T>))lea."  The  Diagram  called  Ibo  ■' linear  index  "  is  followed  by  • 
tobls  which  gives,  on  inspection,  all  the  couraea  on  any  given  great 
«irole  for  each  F  of  difference  of  longitude.  An  insiiumcnt  culled 
*'  Subj's  Spberograph  "  is  also  designed  to  fscilitale  the  practice  of 
|;t«ftt>ofrale  sailing.     Bnt  the  method  introduced  by  Hugh  Godf ray, 

I&f.,  U.A.,  St.  John's  College,  Cambridge,  deserves  special  mentioii> 
AehHt  on  tlie  centnJprojectionexhibitalhegreat  circle  as  a  straight 


I 
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ItiiG,  and  thus  it  is  ueeu  at  once  whether  the  track  between  ti 
placea  is  a  practlc^aUe  oue  ;   heoce,  alio,  we  have  bj  Inspectioi 
point  of  liighest  latitude.      An  accompaiiyiiig  diaifraiii  then  gives  the 
differed  couraes.  and  the  distutce  to  be  run  in  e&ch,  in  order  to  keep 
within   one-eighth  o(  »  point  to  tlie  great  circle.      1  hie  chart  ai 
diagram*   is  fully  de»cribed  In  the  "  Transaetiona  of  the  <.*aDibridg»  ■ 
PhiloBopliicai  Society,"  vol,  x.,  part  ii. 

Gudfray'ft  Chart  ii  a  general  one  of  the  circunipoUr  regii 
the  point  of  tongeocy  oE  the  primitive  plane  is  the  adjacent  pole  ot 
the  earth,  ao  that  the  lueiidianB  are  represented  as  atraight  line* 
radiating  from  tliia  poinl,  and  the  parallel*  aa  concentrio  circle» 
suiTouiidiDg  it,  Keitrictcd  gnoniouic  charts  have  been  receutlj 
constructi^d  in  America  in  which  the  point  of  taiigenoy  is  the 
theooeanwhiohtachchartdepictB,  The meridinnsarB  therefor 
lines  not  converging  to  this  point  and  the  pai-sllels  are  ai-ci 
ecition*.  The  great-circle  track  IjelHeeu  Ihe  places  of  depai 
destination  is  the  itruight  line  joining  them.  To  fiod  the  di 
and  length  of  thia  Hoe  or  the  coutbo  and  distance,  a  great 
course  diagram  ia  engixvod  on  the  aanie  sheet  by  which  the 
can  be  determined  ;  and  tlie  distance  can  he  measured  either  hj 
means  of  differences  of  latitude  or  by  the  minutes  of  longitude 
talni'd  in  a  pnrticnlar  portion  of  the  track  line.  These  charta 
printed  on  a  largo  scale  on  the  hack  of  the  Pilot  Charts  of 
different  oceans  issued  monthly  at  the  Hydrographic  Office,  BurCkB. 
of  Navigation,  Department  of  the  Navy,  V^'sahinglon.  1'he  chart  U 
not  intended  for  use  ai  a  genei  at  Hailing  chart,  hut  as  a  simple  niMUU 
of  finding  the  course  and  distance  at  any  time  in  greut-circle  sailing. 

*   AV/^/aifcJ   by  (lt«  Ifydrographic  Ol^ce,  AdmiiBliy 
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This  system,  thus  officially  adopted  in  the  United  States,  will  be 
found  described  by  its  author  in  a  pamphlet  which  is  accompanied 
by  a  specimen  chart  of  the  middle  part  of  the  North  Atlantic  Ocean. 
*'  Onomonic  Chart  /or  use  in  Oreat-Circle  and  Windward  Sailing  with 
Simple  Methods  for  Meaguring  Courses  and  Distances,**  by  Gustayb 
HxRBLB,  C.E.,  Washington  D.C.,  1881. 

Before  Mercator's  invention,  great-circle  sailing  was  commonly 
employed,  and  often  in  preference  to  rhumb  sailing  ;  but  Mercator's 
method  at  once  superseded  it,  and  for  the  following  reasons : — (1) 
The  cslcnlations  were  not  so  laborious,  especially  without  the  aid  of 
logarithms,  as  in  the  great-circle  method  with  only  the  direct  solution ; 
<2)  The  then  uncertainty  in  the  determination  of  a  ship's  longitude 
(chronometers  not  existing  in  their  present  perfection),  which  would 
be  of  least  consequence  in  rhumb  sailing,  for  a  definite  rhumb  line  and 
parallel  of  latitude  of  themselves  determine  the  position ;  and  (3) 
The  Mercator's  chart  exhibits  the  track  of  the  rhumb  as  a  straight 
line— one  great  objection  to  great-circle  sailing  being  the  difficulty  of 
ascertaining  whether  obstacles  in  the  shape  of  land  or  rocks  lie  in  the 
path.  The  improvement,  however,  in  our  means  of  navigation,  and 
the  extension  of  our  commerce,  especially  to  high  latitudes,  where  the 
advantages  of  great-circle  sailing  are  most  conspicuous,  have  again 
called  attention  to  it.  Steamers  may  generally  take  advantage  of  the 
great  circle,  and  sailing  vessels  must  not  overlook  its  principles, 
particularly  in  windward  sailing.  Great-circle  sailing  must  not  be 
regarded  as  a  substitute  for  rhumb  sailing,  but  its  practical  utility  is 
most  apparent  when  treated  as  an  auxiliary  to  it. — See  Nautical 
Magasine,  1847,  p.  288. 

It  is  of  great  use  to  be  able  to  project  the  great  circle  on  a 
Hercator's  chart.    The  following  method  is  a  tvxa'^V^  ota  \— \^t»:«  ^'^qs^ 


■^-         ~         m 

rhunib  line  between  the  two  placaa ;  Sud  the  diSerencs*  between  <^^^| 
conne  thus  obtiuiiBd  and  e&ch  of  the  two  tenninul  coat«e<  oD  tbft 
great  circle  found  by  calcuUtion  ;  on  the  polar  side  of  the  stnUght 
line  joining  the  phtcea  let  off  the  diScrenceB  at  eACh  end,  and  from  th« 

intersections  of  those   pairs  ot  perpeudicukra,   whicli  make  equ&I 
angleawitbtho  rhumb  line,  will  be  the  centres  of  circle!  o£  whii:h  area 
drawn  between  Uie  two  pl&ces  nill  be  Ibe  liraits  between  which  the 
required  curve  will  lie.     This  curve  cui  then  be  very  approiiroately 
drawn  by  hand,  taking  care  to  make  one  extremity  approach  the 
sweep  of  that  circular  segment  the  bngte  of  which  corresponds  to  the 
great  circle  course  at  that  pkee.  *n-i   ".-arying  tiie  carve  more  and 
more  to  tbe  other  ejtremity,  so  as  to  coincide  ultimately  with  the 

1           circle  course  there.-Sea  NanJ  ScUncf..  April,  1873,  p.  190.                     j 

1                As  great-circle  sailing  requires  only  the  solution  ot  a  spheriail^H 

1           triangle,   it   Inrotves  very  little  trouble  each  day  to  calculate  Htj^^l 

r           coarse  on  the  great  circle  from  the  puiiU  arrivfd  at  to  the  porbH^^H 

destination,   iuat«ad  of  trying  to  keep  near  to  the  great-circle  ps^Bbli^^l 

through  the  original  place  of  departure  and  the  destination.           ^^^B 

1            generally  used  afloat,  without  the  necessity  ot  any  calculation  whit- 

■tar  Dubhe  is  a  Vrta  Majvrit,  Rigel  is  $  OrionU.     Tha  Burigatcrij^l 
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*  Alph*  (ft), 

fl  Kta  (B),            >  Nu  (D).            r  Tau  (t). 

&  Beu  (b). 

S  Tliet*  (th).      1  Xi  (x).             u  Upailon  (nj. 

7  Oamnia  (g). 

.  Iflt*  (i).           0  Omicroa  (6).    «  Phi  (ph). 

i  DelM  (<1). 

.  Kftppa  (k).      w  Pi  (p).             X  Chi  (oh). 

•  Bpflilon  (6). 

X  Lambda  (1).     p  KLo  (r).           f  P"  (pa)- 

f  Zet«  (i), 

^  Mo  (m),          «  Sigma  (»).        <-  Omflga  (6). 

They  kr«  ftUo  owd 

KiglW. 

Greenwich  Date.— The  time  at  Greenwich  correspnmling 
aoy  giveii  time  at  another  place. — See  Date,  Ordenwlch.. 

Oreenwlch    Date   Logarithm  for  the  Moon.— The 

loguitlim  of  7^  (the  nuinber  of  miuutea  id  1:2  tioura),  •iiiii^uiahed  by 
the  logaritbni  of  the  iiu[iit>«r  of  mioules  iu  any  period  iesa  l\i 
lioun  i>  called  the  *'  Greenwich  Date  tiogoiitbin  for  the  Moot 
thkt  period.  Thete  ore  caleulateil  for  all  periods  up  to  12^ 
intorvala  of  In,  and  form  a  table  formetlj  Deed  for  Rndiug  the  n 
right  asceasion  acd  ileclioation  for  any  (ireenwich  datebotween  tboM 
giveii  in  the  "Nautical  Almannc."  Thia  table  is  now  auperfluoua, 
■ince  the  eieineota  are  givun  for  every  hour,  with  the  vnrintioD  pec 
ue  minntist— See  Logarithms,  Proportional. 

Oreenwlch  Date  Logarithm  for  the  Sun.— Ths 
logarithm  of  1440  (th«  number  of  minutes  in  24  honrs),  diminiahef 
by  the  logarithm  at  tJie  number  of  minutea  in  any  period  Icea  than  24 
bonn  ia  called  the  "Greeuwich  Date  Logarithm  for  the  Ban"  for  that 
pervNl.  These  are  calculated  for  all  periods  up  to  24^  ,  at  iutervala 
of  Im,  and  form  a  table  formerly  uied  for  finding  the  sun's  right 
MceniioD  and  deoliaation  for  any  Greenwich  date  between  those  givei) 
in  tbo  "  Nautiool  Alnuuuut."    This  table  ia  aow  prkatically  obioleta 
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Heeling  Deviation. —The  disturbance  of  th«  compBBB  needla     ^H 

tfae  "heeling  error."  implying  tbat  it  aw  error  to  which  the  deviation  ^H 
(u    determined    when    tha    uompam    ja   adjuited)    ii    liable.— See  ^^H 

HeUoceotrlC  (Gk.  i5\.«,  -t!ieBun":»/^po^,"thecentre").—  ^| 
Concentric  with  the  aun  ;   dintinguiahed  from  Oeocaitric,  concentria  ^^H 
with  the  earth.     The  heUoceotric  place  of  a  heareDl;  body  is  ita  ^H 
pontion  referred  to  a  celestial  concave  conceatric  with  the  aun.     Thiw  ^^| 

pUneL— See  nnder  Oeocentrlc.                                                        ^H 

cphere  ").— Half  the  sphere.     Every  great  circle  of  a  sphere  divide*  It 

iDto  two  hemisphereB  ;  tlina  the  equator  divide!  the  terreatria!  apbera     ^^i 

bito  the  nortlitm  and  loiUhim  htmitpktrti.                                                        ^^^ 

HercnleB.— A  conatellation  to  the  eouth  of  Lyra  and  Draco,    ^H 
Dontaining  one  bright  itar,     Thii  itar  and  a  O^Aiuf/i^  form  a  pair     ^V 
which  may  be  found  by  their  being  the  first  bright  etira  in  a  line 
dnwn  iOQthward  from  the  pair  in  I>ra30,  a  Htreulif  being  tha  nearest 
to  the  Great  Bear.     Mag.  var.  S'l  to  3-»  ;  K.A.  1896.  R.A.  Hh  10™, 

itaa+irsr.  ^M 
Herrle'8  Qnomonlo  Ohart— See  Oreat  Olrote  SaiUnflr.  ^H 
High  Wster.-The  phaae  of  a  tide  when  the  water  attaitie  lU  ^| 

higbeat  level.  lU  opposite  is  Low  Water.— See  Tide.  ^^H 
Height  of  the  Tide.— The  difference  in  the  level  of  high  mod  ^H 

See  Tide.                                                                                                        ^H 

^1 

Horary  OlrdM-  ^^_,j_^  fc„    .  u-    ^^  ^^ 

Vitiljl^"'^'-'"'  .1.,  ««!».•«•'* 
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(h)  The  .cone  again  interaecta  the  celestial  concave  in  a  small 
circle  SSS,  but  so  that  more  than  a  hemisphere  of  the  heavens  is 
within  the  spectator's  field  of  view ;  this  may  be  called  the  "Celestial 
FisibU  Horizon  "for  the  given  elevation. 


Pa 


Tho  apecUktor  always  seew  leas  thiui  k  lietiiia|ibere  of  the  e*rtb 
Om<,  Mid  ttlwByt  moro  than  a  liomiBphere  «!  Ihe  heavena  ZSSS.  A 
vnrinble  aiiiall  cirule  like  the  aeuaible  Lurunn  S^S  cooiiot  aerre  aa  an 
axis  of  oeleatial  co-ordinates.  The  required  great  circle  RR  u 
obtained  by  drawing  a  plane  through  the  caotrc  of  the  earth  parallel 
to  the  aenatblg  horiioa,  or  the  tangeot  plaos  to  the  earth'a  auifacc  at 
the  Btatioa  of  the  apectator  (TT).  Thia  la  called  the  JiatiomU  Horizon 
of  the  obaerver'a  atatton,  becauae  it  ia  the  ploue  of  reference  from 
which  "  rockoning  "  (L.  ratio]  U  made  for  conii>ariBon  and  compula- 
tion. It  ia  thia  great  cirole  of  the  apherc  which  ia  called  the  Cdtaliai 
Jloria>ii,  or  simply  The  Horizon.  As  the  apectator  atands  on  the 
■urface  of  the  earth  the  viaible  pole  of  the  horizon  is  directly  above 
bin  head  ("  zenith  ")  and  the  invLaiblo  pole  directly  6eIow  hia  faat 
["nadir  "|,  and  hence  the  horizon  ia  aaid  to  divide  the  heavens  into 
the  upptr  and  loieer  hemiephereai. 

Reracliel  ("OutlJnee  of  Aatronomy  "  Art. 74)  in  explaining  the 
above  terms  proceeds  on  the  aasumption  of  a  celeatial  concave  with  a 
radius  infinite  aa  compared  with  the  earth's  nidioi.  The  upper  figure  ia 
the  adjoining  diagram  represents  thia  hypothesis.  Uia  definitions  ar« 
in  effect  &a  followa  :  SenaibU  //oruon,— >Tho  plane  touching  the  earth. 
at  the  atatlon  of  ihe  observer,  and  extended  to  Ihe  celestial  concnTS  ; 
Jtalional  Horizon,  —The  plane  through  the  centre  of  the  earth  Hrawn 
parallel  to  the  tangent  plane  at  the  observer's  station  ;  CrUitial 
HoritoH. — The  great  circle  in  which  the  planca  of  the  sensible  and 
rational  horizon  (coaaidere<I  cotncideul  when  produced  indefinitely) 
cut  the  celestial  concave.  We  think,  however,  that  niueh  clearer 
ideas  may  be  obtained  by  regarding  the  eye  (E)  a4  the  centre  of  a 
sphere  of  definite  radius  whose  use  ia  aimpLy  to  introduce  spheric«l 
triaiigleB.     The  tower  6gure  in  the  adjoininif  diagram  represenU  tj 


enUtUlA 


sift 


hyptiUiwi*.  [See  Oelestlal  CoDCave]  The  Ratii-nal  Horiioa 
woulil  in  tbU  caao  be  ^  pUne  EB  liniwii  tbrougli  tlie  eyo  E  of  tha 
otnerver,  parallel  to  the  aeniible  horizon  aaa  or  tnngiDb  plane  TT. 
TTis  angle  BEa  ia  the  Dip  of  the  Horizon;  and  REX  and  »EX 
raapectively  the  trne  and  tlia  Kppareot  altitudes  of  the  heavenly  body 
X.  If  a  tmall  (phere  be  deicribed,  concentric  with  the  eye  (aa  by  (he 
dotted  linea  in  the  figure),  are  B3  is  the  dip  of  the  horizon,  Bx  and 
8x  the  true  nnd  apparent  altitudes  of  the  body  X.  Thii  way  of  con- 
cidering  the  lubject  will  enable  the  atudent  to  uuderataud  bett«r  tha 
principle  of  the  ArtiUcial  Horiion. 

Horizon,  Visible.— The  boundary  of  our  view,  whether  of  the 
heaveiii  or  of  the  earth. 

Horizon,  Sea.^The  small  circle  which  bounds  the  view  of  k 
■pectatur  io  the  upi>ii  sea, 

Horizon.  Shore.— When  the  aea-horiEon  ie  hid.lcn  from  view 
by  intervening  land,  tlie  wnler-tine  on  llit  brack  often  serves  the 
purpose  of  a  hori;-on  in  observing  altitudes.— See  Depression  Of 
Horizon. 

Horizon,  Artiflcial.— A  reSector  ivbose  surface  ia  perfectly  I 
boriiontal,   uscil  to  observe  altitudes  on  shore.     Artificial  horizon  u 
of  two  kinds :    (1)  those  for  n*e  on  shore,   and  (2)  those  for  use  oi 
bo«rd  ship. 

1.  (a)  The  moat  luetnl  fnnn  of  tha  shore  artificial  horinon  ia 
reclangiilar  trough  of  quicksilver  or  other  fluid,  Quicksilver  is  tl 
ftniJ  most  convenient  and  the  lieat  ailapterl  for  oliuining  a  nurfHca 
which  shall  quickly  subside  after  being  disturbed,  The  trougli  (»l  i 
aballow  and  a  few  inches  in  length;  !l  is  fitted  with  arooff'tn 
formed  of  plates  of  glaas  with  parallel  lurfacei,  to  protect  the  fluii 


\ 


■  fr«av  Uie  distnrti 


fr«av  Uie  distnrbiBg  rSecta  of  the  wind.  Tlie  prindpU  i*  the  i 
kll  iDoilificationi  of  the  i 
\^  r  The  ima^e  of  an  object  reflected  freni 
n  homoDlAl  (nrface  (aI  1)  Appears  ta 
much  below  the  horizoatal  line  |in  tha 
ttirvctioii  X)  u  the  object  itaelf  (S)  [a 
above  it,  tlie  angle  of  reflection  being 
equal  to  the  angle  of  incidence.  Ilenoe 
tlic  luiguUr  diituioe  between  the  object  itielf  and  the  reflected  inu4[e 
(XIX)  giie*  donbte  the  altitude  (HIX  or  HEX).  It  e\-i<lently 
f<'ll'>w>  that  no  altitude  can  be  observed  in  this  manner  which  ia 
greatpr  than  half  the  range  of  the  iustruinent ;  thus  with  a 
•extant  (properly  ao  called)  no  altitude  above  60*  con  be 
ohncn'ed.  For  altitudes  leaa  th^n  15*  tbe  observation  is  generally 
linpmcticahle.  One  ulvantaga  of  the  artiflcial  horixon  is,  tWt  when 
the  angle  nhowii  by  the  instrument  is  halved  to  obtain  the  angle  of 
elevation,  all  erron  of  observation  are  halved  at  the  same  time.  The 
Inntniniaiit  used  for  observing  is  sometimeB  fixed  npcn  a  small  pillar. 
In  tliis  artificial  horizon  an  essential  condition  is  the  pamlleUiiiu  of 
the  faces  of  plate-gtui  forming  the  roof.  The  effects  of  refractioa 
may  bo  practically  eliminated  by  making  these  plates  circ 
which  admit  of  lieing  tnroed  in  their  own  plaue.  One  set  o; 
tioni  having  lieeu  taken,  tlie  plates  are  turned  through  ISO's 
new  set  taken,  the  two  being  uaed  in  oombination ;  or  with  a 
roof  the  error  may  be  practically  eliminated  by  reversing  it,  (hi  ±" 
small  mirror  of  polished  metal  or  of  darkened  plale-glosi!  is  sometimea 
used  aa  an  artificial  horizon,  its  horizontulity  being  ascertuued  by 
means  of  a  spirit-level  placed  upon  it,  and  the  adjustment  eBect^d  \ 
uiaana  at  acreWB  whlcli  form  ita  stand.  Such  an  instrument,  tJ 
"oayeaieiit  aad  porUMe,  does  not  gite  «oJiuAac\*n-s  tcKalt*. 


80-aa^H 


2.  At  sea  the  celeatinl  liodiea  ore  a 
*>beD  the  horiziiQ  in  eavuloyeti  in  mist ;  the  t 
disturbed  hy  lioze  ur  fug,  aud  by  mooulighl  ia  ufttu  t 
Banco  tlie  &tt«nipt«  to  invcat  an  artillcial  horizon  adapted  for  uie  oS  I 
bokrd  ship.  Mr.  Serion  luggeated  to  apply  tbe  principle  upon  which  I 
a  Kip,  wlion  ■pinning,  lends  to  preserve  e.  vertical  position.  A  pivob  ■ 
otrrying  »  mirror  thus  rotating  would  theoretically  give  the  horixostftL  I 
:eflector  required  ;  but  it  failed  in  practice.  Admiinl  Beechey'a  T 
oontrivance  is  more  snccBesfol.  The  telescope  of  the 
fitMd  with  a  balaaoe  oarryiiig  d  gloiu  vane,  one  half  of  which  Iv  I 
coloured  hiae  to  represent  the  nea-horizon,  and  to  which  the  celestial  1 
obJMt  ia  brongbl  down.  The  nmount  of  oscillations  above  nnd  below  I 
the  level  is  indicated  by  diviaions  on  the  gloss,  the  value  of  a  diviatoa  J 
being  delemtined  by  the  maker.  Other  conBtructioii 
hortxon  is  attached  to  the  sextant,  have  been  tried  witl 


HorizOQ-OlaSB.  —  In  reSecting  astronomicat  inatrumciits,  sncll  | 
aJ  the  icxtant,  the  horLion-glaaB  is  that  which  iBfixril  in  fruiit  of  tho  I 
telescope,  the  lowerportioool  it beingainirTor,theupper  transparent,  f 
It  derives  its  name  from  the  fact  that  in  taking  an  altiliiJe  tha  I 
"  horizon  "  ia  saeo  by  direct  vision  throngh  the  portion  furthest  from  ] 
tile  plane  of  the  ir 


BoriZOntaL — This  qaalifying  term  has  two  significationfl  whioh  I 
•bould  be  carefully  distinguished  aud  home  in  mind.     It  would  be  »  I 
the  interests  of  accuracy  and  simplicity,  if  Ihift  I 
double  Die  of  the  term  were  discontinued,   especially   when   ther«  i 
o  DBoessity  for  it. 


pi 

!  I ,    l/orhonlal  ia  UM(t  in  tha  Bense  of  "  paralial  with  tba  horiMBg^^ 

whether  applied  to  a  line  or  a,  plana.  It  ia  thus  nppoied  to  iwrtiMC 
whiiih  describes  a,  position  at  right  angle*  or  perpendicular  to  tht 
horizon.       Thus    "tha    horiiHint*!   diameter   of  the  sun"  and   "tht 

I  vertical  diameter  of  the  eun  "  might  appear  to  be  phriuee  admitting  lu 

unbignity.  This,  hoirsFer,  is  not  the  caaa  with  the  former,  though 
eonunonly  need  with  this  meaning  in  meaauring  it  for  inilei'error. 

2.    Horiiontal  is  used  to  ilescribe  "the  value  of  an  element  of  a 

bod;  when  "in  the  horizon."     Thua  "  the  horizontal  ■oini-diamet«r 

oE  the  raoon  "  ia  her  diameter  when  ehe  ia  in  the  horizon  ;  and  ao  1b 

the  phrase  "  horizontal  parallai."     These  terms  are  opposed 

I  lemi-Jiametor  in  altitude  "and  "parallax  in  altitude." 


Horizontal  Parallax.— The  parallax  of  a  celestial  body 

in  the  horizon  of  the  uhterver;    distiDguiahed  fruiii  tite  Parai 
AUUuiU.—Sm  Parallax- 


Horizontal  Projection  of  the  Sphere.— A  projecti 
the    ap n e re— wli ether   orthographio,    atereographio,    or    central— 
which   Ihe  primitive  plane  or  plane  of  projection  coincides  with 
parallel  to,  tha  "  horizon.  "—See  ProJdCtlonB. 

Hour- Angles.— Generally,  angles  at  the  poles  of  the  h< 
included  between  diffarent  hour-oirclea, 

Hour- Angle   of   a  Heavenly  Body —The  angle  i 
elevated  pole  included  between  the  celestial  nieridiiui  <i(  the  olm 
and  the  hour-circle  passing  through  the  body,     Timt-aiij/le  Would 
A  more  appropriate  term  than  hour-aagts,  hut  the  applical 
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J 
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UtUr,  naed  in  this  gcnenl  leiiBe,  ii  egtublished. 

It    u    reckoned    potitiTety    from    the    upper 

-cnlmiDBtion  of  the   body  westward  from  0  to 

360*.     The  bour-aagle  in  sometimes  reckoned 

from  the  meridiBn  in  both  directions— poaitivel J 

to  the  westward,  and  negatively  totheeait- 

mird  !   it  would  bo  well  however,  if  it  were 

»]way>  reckoned  in  contonnily  with  the  appnrent  diurnal 

u   right    nscension    is    reckoned    in    conformity    with    the    direct 

movements  of  the  heavenly  bodies.     The  hour-itngle  is  an  import«nt 

«lenicnt  in  most  of  the  problems  of  celo-Davigation,  where  it  is  found 

in  ciunectioti  ivith  the  zenith  diatanue  of  the  body  z,  itspo1ardist«no« 

p,  aad  the  polar  distance  of  the  observer's  zenith  c  (the  co-latitud«). 

If  n  be  the  altitude  of  the  body,  if  its  decliiiution,  aad  I  the  latitude  of 

the  observer:   then  i^gir-a,  j/=90°±i/.  n^Vy-l;   and  from  tha 

triangle  PZX,  we  can  find  ti  from  any  of  tlie  following  formulie 


I 


1 


Cos." 


Where  i 


Hbv  Tt— Jhav  it  +  JTit)  hftv  iz-JTd) 


( ^  according  as  I  and  d  are  of  liiSerent  or  tlie  same  ii»m««.  Tba 
necessity  of  this  cousideration  if  avoided  if  we  retain  p  and  c  in  tha 
formola). 

.'.L.havH  =  Lsecii  +  L.sea(-20 

+ 1  L.h»y  i^  +  l^d]  + )  L.hav  (i- 
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from  a  and  7  t7r«e  Major!,  thHiufh  Begulua  to  about  half  its  length  ;  or 
the  line  joining  Caalur  and  PoUiii  poiuta  it  out.     Msg,  20:N,A.    ■ 
1896,  R.A.9h22D.,  Dec. -8-12'. 

Hydrography  (Gk.   eiup,   "water";  ■ypi^..-,  "to  deacribe," 

teaching  tha  art  of  coLBtruoting  charts  o(  ae&x  and  the  adjaceut  ooasl» 
1       for  the  special  use  of  the  navigator. 

1            Hygrometer  {Ok.  i>ypit,  "moiat";  fUrpoi',  "  measure  ").— An 

Minplcsl:  form,  and  one  adapted  tor  ship  use,  ia  on  Mason's  priociple, 
Bid  conaista  of  a  combination  of  two  thermometers,  which  are  hung- 
in  the  ahadti.  in  still  air,   near,  bat  not  within  three  iiichea  of  each 

other  la  kept  damp  by  having  a  small  strip  of  wetted  linen  or  cotton 
ng  tied  looaeJy  011,  while  a  shred,  two  or  three  inches  long,  hanga 
down  into  a  small  bolder  of  water,  and  so  that  the  rag  i?  kept  wet  by 
oapillary  action.  The  moist  or  wet  btdb  is  cooled  by  evaporation  ;  the 
tooirter  the  air  the  leas  will  bo  the  evaporation,  and  the  drier  the  air  the 
greater  will  bo   the  evaporation,    Thns  the  moist-bulb  thcnnomelcr       ^m 
■bDWi  a  temperature  nearly  equal  to  tbat  of  the  dry-bulb  theririometoF     ^H 
when  the  atmosphere  i*  extremely  damp,  giving  notice  of  rain,  [og,  or     ^H 
dew;  on  the  other  hand,  the  wet-bulb  thermometer  shows  a  temperature      ^H 

uhI    Hygrometer    together,    form    a    perleol    »'eallir.r-ala»«.      Any 
MMnan  may  furnish  bimeeU  with  a  rude  indicator  of  the  degree  of         ^ 
1        nwlatnre  In  the  atmoaphere  by  hanging  up  %  bit  of  aea-weed,                        >  I 

lUumination,  System  of  Olrclea  of.— Tbe  ■urfkca  of  the 

e*rtli  with  reference  to  its  illiimination  by  the  aunii  divided  into  Iwo 
pArM — one  enlightened.  Anil  the  other  in  shadow.  The  correcUona 
for  pnralliiT,  roFrnctioD,  and  aemi-dianieler  being  mitde,  thsM  portion! 
Are  hemiiphorea,  luid  are  divided  from  each  other  by  a  great  circle. 
This  grent  oirole  Iias  l»«n  »11ei)  The  Cirde '•/ lUHmination  hy  taott 
modem  writers,  old  writers  calling  it  'J'hf  Ttrminator,  traax  its 
property  of  bounding  tlie  verges  of  light  and  darkness.  At  all  poiuta 
on  tlie  earth's  surface  situHtfid,  at  any  given  moment,  oa  this  circle, 
the  sun  is  in  the  horizon  having  the  altitude  0'.  The  line  joining  the 
centres  of  the  sun  and  earth  will  pierce  the  surface  of  the  eurlh  at  the 
poleofthiagreatcirde,  and  tliis  point  is  called  Tbi  Poltr^f lUumination, 
To  B  spectator  situated  there  the  auu  is  in  the  aenith,  or  ha*  an  altitude 
of  00'  If  parallel  to  the  circle  of  illuniinatinn  a  system  of  small  circle* 
be  drawn,  Ihey  may  appropriately  be  Called  PiiralUU  of  Illumination, 
Only  one  of  tlieie,  however,  palpably  marks  any  difference  with 
reipect  to  the  degree  of  light,  vi;.  77i<  ParalUI  nf  Twilight  (or 
Ortpunulum),  18°  on  the  side  of  the  Terminator  remote  from  its 
illuminated  pole.  But  on  every  point  of  each  parallel  the  sun  haa  the 
•ame  altitude,  and  hence  they  have  been  called  ParaUeU  of  Kquat 
Allitndr.  This  property  is  the  foundation  of  the  methoil  for  finding 
the  position  of  a  ship  commonly  known  as  Sumner's  Uethod.  A 
•imiliu-  system  of  great  circle,  pole  and  parallels  may  be  connected 
with  auy  other  heavenly  body  besides  the  sun  ;  i.t.  for  aiiy  star  there 
u  a  great  circle  on  the  earth's  sui  face,  at  every  point  of  which,  at 
*ny  given  moment,  it  will  appear  in  the  horizon,  there  is  one  point 
where  it  will  be  in  the  zenith,  and  a  ayatem  of  small  cirolea  from 
tntry  point  of  each  of  wbioh  it  will  have  the  same  altitude.     For 


"™-"— '■        -■ 

*     •nch  a  synteni  the  following  tenns  nre  appropriate  :   T!tt  Orrat  CircU,     ^^| 
or  simply    Tho  C.Vrie  of  P«ii;<,»  ;  Pott  of  Po>itio„,  Bnd  ParuUtU  of 
PotUiuii.     I  have  discuued  the  subject  with  diagninH  and  given  an 

Stitna.   January,   1874,   "  Currea  of   E'osititm   for  Determining  th*     ^_ 

Plw^a  uf  a  Ship  at  Sea."— See  Position,  Parallel  of.                      ^| 

Immersion  |L.  immtryirt,  ■■  to  plunge  in"). —The  commence-    ^H 

mecl  of  au  occulution,   or  the   mouieat  when   tlie   occulted  body    ^H 

call«d  iU  eri.er.ion.                                                                                           ^| 

Inperfectlona  of  Instruments.— Inbuyinganinstrumeni,     ^^ 

«och  as  a  Bcitaiit  or  coiiijiaaH,  it  i»  important  toeiaminia  its  perfection 

in  aeveral  eaaential  puinta.      Eaueiitial  imptr/eetioi^a  should  lead  to  its 

rejection,  u  no  luciins  of  mlj^timtiU  can  obviate  the  resulting  erron,      ^^ 

I          nor  can  these  rrror,  be  acLuowicJged  and  allowed  (or,  or  BUnunated.    ^1 

1         —See  under  IlLHtnimeilts.                                                                        ^H 

r              Inclination  of  the  EcUptlo.-Tbe  angle  which  the  e«lipU«  ^| 

makes  with  the  e4Uii>o.:tl.il,    its  value  being  about  23°  27'.       Mora    ^| 

Inclination  of  the  Needle.— The  term  generally  uted  by   ^| 
•eientific  men  on  shore  for  the  "  Dip  "  of  the  Magnetic  Needle.    Fint 
noticed  by  Robert  Norman  in  1576.     Tkt  hclination  Nrtdle  indicatM 
the  angle  which   the  line  of  msgnetio  force  makes  with  the  horizon, 

oentre  of  gravity  bo  a;  to  be  free  to  take  up  any  position  — S«o  Dip. 
Inclination  of  Ship —As  the  deviation  of  the  compass  ia 

not  ntAy  Ih*  direction  ot  the  ship's  head,  but  also  her  inolinaUoa.  ^H 

IM>KX    KKBOB. 
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six  degrees  to  (tBrbo&rd  or  eighl  dagreci  to  port  [for  exunple)  xoi,y  . 
be  regiaUreil  u  6°  St.,  H'  Pa.      In  irna-built  ahip*  the    leniUing 
correctiuu  iNtiiiiiib  iw  neglected.— See  Oompasa,  Heeling  Devla- 
tion. 

Incommensurable  (L,  in  negatire  prefix,  com,  ciim  "  n-ilb," 
mrtuuTuliilU  "  meiiBurable  "]■ — Not  commeDauroble.  Tvo  qukntitlM 
•ra  Riiid  to  be  iuoommeiuu ruble  wheu  they  have  do  common  meuure: 
■o  tllAt  wlien  one  of  Iheni  is  capable  of  being  expreued  in  temis  of  a 
certain  unit  the  other  ia  not.  Thus  the  side  of  a  aquiire  and  its 
diagonal  are  incommeuBarable  ;  the  diameter  aud  the  ciruumfersuce 
of  a  circle  are  iniximmenaucable.  It  is  necessary  that  the  etudent 
should  grasp  lliia  idea. 

Index  or  Oharaoterlstlo  of  a  Logaritlun.— The  intagrkl 

part  of   tUu    logontlini,    wliethor   imsitive  or  negative. — Se«    IiOS- 

Aiithms. 

Index  Oorrection. — The  consequent  corrrection  that  l;ai  to 
be  Qjiplicil  lu  nu  olflervation  lakea  with  an  instrument  that  has  an 
index  error.  Let  O  be  the  zero  point  of  the 
graduation  of  the  limb,  and  when  the  mirron  arc 
placed  parallel,  let  1  be  the  position  of  the  indai. 
Tbea  it  ia  evident  that  10  ( ^if)  U  the  index  error, 
and  every  arc.  as  OA,  observed  with  the  sextant, 
must  lie  corrotted  by  subtracling  <  If  I  be  on,  and 
by  adding  e  if  I  be  of,  the  graduated  part  of  the 
limb.— See  under  Sextant- 

Index    Brror. — The   index    error    of  reflecting  aitronoioical 
instruments,  such  as  the  sextant,  is  the  portion  ol  the  graduated  Uiob 
which  ties  between  the  zero  point  and  the  index,  when  th«  ind«x  gUiB  ■ 
IM  pftnOIel  to  the  horizon  glass,  m 


f                                                         maeiumos.                                           223' 

Index-Glass.— In  reflecting  aatronomicft!  initrjimentB,  such  u 
the  aextADt,  the  inilex-glaHa  in  the  mirror  at  the  ceotre  attauhed  to      ^_ 
and  moving  with  the  "  indei-linr  ;  "  hence  its  name.                                  ^^M 

Inferior    (I-).— An   adjactive  otteD   Med  to  qoalify  Beientifio    ^M 
t«rma,   indicating   "Wow,"  "lower,"   "  ianer " ;    aud  opposed  t« 

bare  lbs  infirior  Uilt,  whjuh  ocnurB  at  any  pkce  when  the  moou  is 
L       below  the  horizon  :   the  inferior  cu/minaliun  of  a  oircunipolar  alar;      ^^ 
1        tbs  mfirior  plancU,  whose  orbiU  are  within  that  of  the  earth  ;  and     ^| 

'              Inman'H  Rule.— The  method  of  BoWiog  the  problem  "  Utitudo      ^* 

fay   Double    Altitude,"    uelected    by    Dr.    Iiiman,    and   eametiinea 

di*tingui«hed  by  bi>  name.     It  ia  the  moat  general  method  of  solution 

applying  to  the  eama  or  diffarent  beavauly  boiiioa  observed  either  at 

-     the  lame  or  at  different  timeB.— See  Latitude,  how  found. 

Inspection.— Solving  ■  problem  by  inspection  ie  obUiuing  tho 
L       temilt  at  once  by  looking  into  a  table,  the  argaments  of  which  ai«       ^_ 
1       the  data  of  the  problem.     Though  few  problems  can  be  wholly  aolved     ^H 
1      in  this  niaoner,   still  the  method  ia  used  in  the  different  steps  and     ^H 
B      portions  of  nearly  every  problem  in  navigatioa.     The  Traverse  Tabl«     ^| 
1         may  be  thus  used  tosolve  any  plane  right-angled  triangle.  For  eiunple, 
in  the  day'a  work,  the  diff.   long,   may  be  taken  ont  by  iaspection  j 
I        and  in  a  Double  Altitude  "  the  run  "  may  be  found  by  tlie  use  of  tba 
1      aaroe  Table.     The  method  of  solving  problems  in  Nautical  Astronomy 
1       by  inipectionhaBbeoomevery  general  of  late  years,  more  particularly 

f      DiTU  Tablet,  and  with  the  Ex-Meridian,  for  which  Tables  have  beea  ^J 

LIT'—"           J 

InBtruments ;  ImperfectlonB,  AdJuBtments,  Brron. 

— Under  the  head  of  I  mpcrjecliona  of'  Initrumentt  are  iucluded  KOttul 
imperfections  in  their  conitmotion,  aaeh  u  eusatially  impMr  their 
effiaiency.  It  in  iiiiporlanl,  when  buying  an  inatniment,  to  be 
acquainted  witb  the  pointB  wliere  auch  imperfectiaDS  miiy  be  expected 
uid  witli  Ihenidduaof  det«ctiDgthem.  Inferior inatrumeiits  will  thai 
be  rejected.  A^jf^tintnU  of  Iiulrwntnt*  is  a  term  having  nference  to 
•ouroeBoterrorariBing  from  those  fittiop  of  the  component  pari*  of  the 
iiutminoDt  wbioli  are  coiutantly  liable  to  get  out  of  order,  oad  some 
of  which  have  to  be  rearranged  accordiug  to  circumetuicai.  Sp«cdal 
machinery  ia  provided  to  rectify  the  iuatrument.  An  observer  malt 
be  acquainted  with  tha  maimer  of  teelingon  all  points,  and  the  meona 
of  making  theBevernladjustnicnts.  ifrriiri  tt/ Inttnimtnltit  a  pbraw 
indicating  auoh  points  as  are  permitted  to  remain  imadjiiated  in  an 
iiutrumeut  when  used.  Tbey  are  ockowledfjed  and  determined  bj 
eiperiinant,  so  that  allowanre  may  be  made  for  tliem.  An  oluarvaT 
conataotly  eatisIiBa  himself  upon  the  error  of  bis  instrument. 

Intercalary  Day. — The  day  "intercalated"  or  inaarted  in 
leap  years  t«  make  up  for  the  odd  hours,  miuulea,  etc,,  negleoted  by 
considering  the  ordinary  civil  year  to  consist  of  365  integer  dayi. — 
See  OaleUdar. 

lOterpOlatlon.— The  finding  a  Talue  of  an  element  which  talla 
between  two  given  values.  This  process  is  called  into  constanl 
requiaition  in  navigation.  The  different  elsments  tabnlated  in  the 
*'  Nautical  Almanac  "  are  given  for  particular  times  at  GreeQWieb, 
and  their  value  at  any  Instant  between  tiro  of  these  times  may  be 
found  by  working  a  proportion  in  the  ordinary  way,  or  by  propor- 
tional logarilluns.  The  method,  howsver,  practically  adopt«d,  in 
most  eases,  is  that  rendered  avftUaUe  by  the  variation  of  the  el 


being  now  given  in  the  "Nautical  Alniujioc,"  thoas  of  the  sira  for  I''  t  | 
uiil  tliose  of  the  EaooD  (ur  ICMn .  In  moat  cnsea  an  apjjroiiinatioQ  ii 
mfficiiuit.  When  extreme  prei^ision,  however,  is  required  it  hoa  to 
be  remcmbereit  that,  in  general,  tliese  elements  do  not  change 
ntiiforuily,  and  h  oorrection  has  to  be  applied  which  is  called  the 
Kqiuilian  of  Sreuivi  DifftrcHcei,  lu  genernl  wlieu  the  deeliuation  o 
otlier  elemeot  ia  required  with  more  than  ordinary  exactneas  atteutioi 
ahonld  be  paid  to  the  precept  of  the  Nautical  Almanac  (p.  S20  of  the 
AlnuiDKc  for  1S96)  that  the  hourly  variation  given  in  the  Almanac  for 
noon  requires  to  be  reduced  to  midway  between  noon  and  the  time  at 
which  the  element  ia  required.  This  U  an  exoeedjugly  aimple 
practical  method  of  applying  the  correction  for  "  Second  DilTeronceB.' 
See  Second  DlEferenceB. 

Iron-buUt  Ships.— The  application  of  iron  to  ahiphuilding  haa 
aeceMitated  a  change  in  the  treatment  of  sbip'a  compaaeea, — See 
Compass  Deviation  In  Iron  Ships. 

Irradiation  (L.  irradiare,  "  to  HhioB  upon  "|.— The  apparent 
enlargement  of  the  dino  of  a  heavenly  body,  canaed  by  the  vivid 
impreMion  of  ila  U({ht  on  (ho  eye.  Thia  phenomenon  is  perhapfl  beat 
tUiutnled  by  the  appearance  of  "  the  new  moon  in  the  old  moon' 
anna,"  tha  Blender  bright  creacent  appearing  to  the  eye  to  be  a 
portion  of  a  larger  circle  than  the  part  of  the  disc  which  U  riaible 
tlie  shade.  The  effect  uf  irradiation  on  the  apparent  diameter  of  the 
son  may  amount  to aa  much  aa  l>',  but  eo  email  a  quantity  01 
no  practical  importance.  It  may,  however,  be  removed  by  observing 
botlt  liinlii. 

laOOllniC  Lines  (Gk.  laes,  ■■  cuual,"  iXIvkh,  "  to  make  slope  "). 
— Lioea  of  equal  magnetic  dip.— ^ee  Uagnetijsni  GhartP. 

Q 


1 
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Isotonic   Lines   IGh.  hoi,  "equal."  y<jrla.  " UD  sDgle 
Linen  of  niua!  iimgutiic  vitriatioD.—  See  Magnetism  Charts. 

Isodynatnlo  Lines  Gk.  t«oi.  "etiunl."  Si'm)!.!,  "  foi 
Lioes  uf  t'ljiinl  mtLgiietic  foruo.  — :iee  Ua^etism  Ollarta. 

Ivory's  Rule. — A  motlioJ  of  solving  the  problem  ''  Latitudo' 
Double  Altitude  "  of  the  wune  body.  It  appliei  Blrictly  onl]' 
bodies  aa  do  not  fhauge  tbeii*  docliuatioa  in  the  tuterval ;  bin  ii  alMi 
prsetivalty  Bvaibtile  id  the  cnae  of  the  sun,  by  using  the  meaji  oF  the 
two  pol&r  diaULDcea  ;  and  aiiiiilarly  (or  the  moou  at  the  seuotit 
of  her  graut«st  deoliuatiaD  N.  aiid  S.,  wheu  the  clinnge  of  tiiat  elemant 
ii  very  slon-.  Tlie  triangles  formed  by  the  polar  diatnucei.  zenith 
distences,  and  diatance  of  tlie  bodiaa,  are,  by  drawing  perpend icnUn, 
out  up  into  ri^ht-Migkd  triuiiglea,  the  suuceuive  solution  of  wii lob 
leads   Id   the   detanniiiatiou    of    the   vo-latilude,    and    hence  to  the 

latitude.— See  Latitude,  how  found. 

Jacob's  Staff.— A  imina  aomeUmeB  given  to  the  OrOSi 
Jupiter  Illumed  uf  ler  the  king  o£  the  Boraao  goiisl.  —The  1 
plnnet  uf  Die  solar  system,  its  diuneler  being  about  11^  times  Ibktd 
the  Bartli,  nud  i(a  bulk  about  ISOO  tiuios  greater.  It  revolreail 
about  5^  limes  the  distance  of  the  earth  from  the  sun 
after  the  numort.us  group  of  small  bodies  called  the  asteroids.  It 
i«  accompanied  hy  four  moons  or  satellites.  [See  Planets.  ]  The 
apparent  angular  diameter  of  Jupiter  varies  from  SO'  to  46 '.  It  U  a 
body  of  the  greatest  importance  to  the  navigator  ;  for  besides  serring 
in  n  pre-eiiiiuent  manner  the  ordinary  purposes  of  bright  stani(such  a* 
by  its  altitude,  dutermiliiug  the  latitude  and,  by  its  lunar  diatAncsa, 
furuishtug  thu  uieana  t>f  linding  the  longitude),  the  oulipses  of  JupiM%<1 
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lulellitci  };ivo  an  imlcpemleiit'  inet.lioil  of  obtaiiiiiig  tti«  longitude. 
iee  Longitude,  hoiw  found,     Hyinbol  H . 

Journal,  Ship's.— See  Log-book. 

Julian   Calendar— Tlie  r'ulenrfur  a.s  reconslituted  by  Julim 
Zx»^T  (FnDtifei  MiLiiuiuH}.— StKi  Calendar. 


Kilometer  (Gk.  x^^"".  "i*  thousand,"  lidrpou,  "  B  nioaaure, 
Fr.  •mflrry—A  Frenuli  meaaure  ut  length,  being  1000  mitreB,  and 
eqiul  ta  about  1  of  an  Kiigliish  tnile.  It  is  Bometimes  called  7'lu 
^tlriatl  JfUi.— Se«  Mdtre,  Mile. 

Knot.— A  division  of  the  log-line ;  bo  called  from  the  lino  being 
divided  into  eqaal  parts  bj  piecea  of  string  rove  through  the  straudt 
wid  kuotUd  in  order.  When  tlie  2S>  log-gluss  is  used,  the  ionglh  of 
tlte  knot  ii  47 '29  feet— See  Log. 

Knot. — A  useful  abbreviation  of  tlia  unit  used  to  indicate  the 
speed  of  a  ahip,  which  may  be  taken  la  be  eyuonyinouB  with  the 
«xpte*aiaD  "mile  per  hour."  In  prautice  it  is  not  unusual  to  confound 
It  with  the  word  "mils"  uaod  not  oaa  rate,  but  aa  a  distance.  Thut 
w«  apeali  of  a  ship  (teaming  15  knots,  iu>Cea<l  of  16  milea  per  hour. 
But  it  would  be  wrong  to  say  that  the  two  ships  were  15  knots  apart. 
In  such  a  case  we  gain  nothing  hut  confusion  by  the  substitution  of 
"Knot"  tor  mile.  So  also  there  is  no  ad^-autoge  by  saying  that  a  ship 
wu  it^uning  16  knots  per  bour,  since  the  unit  of  lime  as  wellu 
diil«nc«  It  implied  in  the  simple  word  "  Knot." 


1.— Of  the  letters  use.!  to 
log^NMk,  t  indicatea  "  Liylitn 


L,— Tile  initial  of  logftrithm.     It  'a  used  to  iudicato  the 
l,-jnrilJnii  in  contmclistiiictioQ  tfl  tlie  actual  lo'jftrillim,  wliiob  is  referred 
to  by  the  abbrei-ifttion  ?oi;.— See  Loif. 

Lagging.  —See  Tide  day.  Priming  and  Lagging. 

Xjand.— On  trai-iny  the  luiiil  &  depivrture  bIiouM  be  Bucured  at 
Uteat  [icriuJ  possible.  To  insure  Ihis,  it  abould  be  set  al 
ditwii  of  dn;,  KDd  at  the  coming  do  of  a  fog.  Od  inatini7  ll,t  land 
is  prudent  to  chiirge  Ilie  Bliip's  pliun  with  eome  inaccurncj'  Mid  keep. 
a  most  vifjiUnt look-out;  when  any uniKrUiiiity  reeta  on  Uielongiiude, 
it  will  be  veil  to  make  tlie  latitude  of  the  port  and  then  run  along 
tlie  parallel,  Am  soon  ua  Ibe  land  is  made  the  slip  should  at  once  be 
lud  olT  by  the  reckuuingi  Cautiou  ia  required  on  apecial  points, 
■ucli  MS  currents,  coral  reefs,  etc.,  according  to  the  nuturo  of  thA 
region.  Among  the  indicatious  of  the  neighbourhuoil  of  luid  which. 
miiy  Al  times  prove  valuulile,  may  be  montioned  the  presence  of  binU, 
Kud  A  lowering  in  the  temperature  of  the  surface  water. 

Landfall.  ~  The  land  (irat  sighted  atthelermlnittioDuf  aroyage. 
To  maku  a  go'id  landfall  is  to  make  the  laud  as  expecte<l. 

Landmarlc. — A  coospiououa  objeot  on  aliore,  the  beariuga  of 
whii'li  ^ve  the  position  of  theahip  and  serre  to  guide  lier  ooui'Se. 

Latitude  (L.  laiUuJo.  "brondih").— See  Longitude  and 
Latitude. 

Iiatltude  of  an  Observer. — When  the  earth  is  regarded  as 
•  tphert  the  latitude  of  the  pLice  of  an  obaerver  is  its  angular  diatuioe 
from  tlie  equator,  and  it  is  measured  by  the  arc  of  the  termtrial 
meridian  of  the  olMeiver  iiilereepted  between  the  equator  unl  the 
place,  or  liy  the  corresponding  angle  al  the  centre  of  tba  B|diere. 
Tbe  nirtk,   howovar,  is  in  reality  an  oblalt  tjihtroid,  and  Whvn  lU 


'4 


departuie  from  tijo  ■jiherical  form  ia  taken  into  ooitaidoratiou,  tllftJ 
aro  and  nngle  cease  to  ineaaure  each  other.  Heocs  tUa  diBtinotion  J 
between  tlie  Lalltudt  on  the  Sphervid  and  the  LatUuit'  on  Ikt  Sj^itre,  \ 
or,  in  other  tenns  »1bo  used,  the  Oeegraphical  or  .Vori'iaJ  ia/.ru<kj 
•Jid  the  G'ocenUU  or  Central  Latitudt,  or  th«  Trve  LalitwU  n 
Brduttd  Latltadt.  The  geogmphiciil,  nornml,  or  true  liititade,  i 
«ngte  (EGOJ  wliich  the  nonnnl,  or  perpendicular  to  llie  earlh'ail 
■llrface    at    the    place,    makes    with    the    plane   ot    tlia  equiitop. 

The     geocentric,      central,       or      rtidiicMl  4 
latitude,  \»  the  angle  (ECO)  which  the  liaS'-J 
joining    the  place  and   tlie  centre 
earth  makes  with  the  plane  of  the  equatoE,. 
TI18    former   of    theae    is   the  latitude  ■ 
deteru.iaed   by  aatroiiomical  obBervaliona,  I 
the    latter    is    deduced    from    it    by    I 
applioation  of  the  oorrection  tahulntcd  nader  the  heading  "Re<iiictioB  j 
of  the  Utitndo  of  PUoo  for  Figure  ot  the  Earth."       Latitude  is 
reckoned  from  the  a<)uatar  north  and  south  to  the  poles  from  U  to  W)*.  1 
Longitude  and  latitiidu  are  the  co-ordinates  for  deSniiig  potdtion  Oft  I 

the  eorth'a  lurfaoe.  — Scq  Longitude  and  Latitude, 


Latitude,  Reduction  of.— The  corroutiou  necessary  to  con-  I 
vert  True  Latitude  into  Reduced,     lliii  correction  is  given  in 
as  "Reduction  of  the  Latitude  of  Place  for  Figure  of  the  Earth." 
Being  the  anj^le  between  the  lines  which  would  be  vertical  oa  tlie  two  \ 
•oppusilion*.  this  quantity  ia  also  oallod  the  "  Angle  of  Ike  Vtriie.il,'^ 
It  vanishes  at  the  ei|Uator  and  at  the  poles,  and  attains  jta  ni 
when  sot  lut.  =  ^/1-e',  or  at  about  4S'  of  latitude. 


■■b 
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Latitude  (TerreBtrtal),  Parallels  of.-Small  circle* IV 
tho  UrrMtrial  tpbera  parollel  to  the  aquutor.     Thoy  murk  all  th« 
plMeB  on  tha  earth  which  have  the  aamo  latitude,  and  places  of  Ui> 
■una   laLitUiie   sTo   Said    to    "Iw  on  the  same  paralle!."      Coinpar» 
"Pumllels    of    Deolinatian,"    "Parallels   of   LAtilnde   (CelcstiHl)," 
■■p.irailelB  of  Altitude."— Sm  Oo-ordlnatea  for  the  Surface 
of  a  Sphere. 

vinu-d  Diff.  Ltit.)  l-jtwoeri  two  places  is  the  arc  of  a  meridiou  inter. 
oeple.1  between  their  pftmllels  of  ktilude.— Sea  under  DlfTerODCe. 

Latitude  from.— Tbo  latitude  of  the  place  lailad  from. 

Latitude  in,  or  Latitude  to.— I'ba  latitude  of  the  pUes 
saiiud  to. 

Latitude  in,  and  I.ongItude  In.— Problem  in  geo-Mvipi^H 

tion.       To  fiiul  Ihe  latiludt  in  ami  the  iongitadt  in,    hnving  given  tA^H 

talitiidt  from,  thf  longitude  /rui...  and  Ihe  fouru  and  dUtanoe  Mh^^H 

the  (too  placa.     Two  general  methods  of  aolutioa—                           ^^^^ 

(I.)  By  "  UEKiuiiiNAL  PARTS  "  ;  froiD  the  farmala—                  ^^^| 

True  diff.  lat.  ^dist.  >  cos  coune                              ^^| 

.-.log  trut  diff.  lat.^log.  dist..|-Lcoscourea-10              ^H 

DifT.  bng.  =mer.  diff.  lat.  x  tan  course                      ^^M 

.:  log  dif.  long.  =log,  mor.  diff.  lat.  +  L  t*u  course  - 10.       ^^M 

(II.)  By  "  M10DI.K  uiTiTDDK  "  i  from  tha  fonuulffi—                    ^^^| 

True  diff.  kt.  ^dist,  x  eoa  course                            ^^H 

L                             .'.  lot;,  Cnie  diff.  Ut.  =  log.  dist.  +  L  coa  courM  -  10.             ^^H 

■                                 Dep.  =  true  diff.  lat.  x  ton  course  \                         ^^H 

K                                      Diff.  long.  =  dep.  xKc  mid.  lat    1                            ^^^M 

LATITDDe.                                                                  SSt^l 

.-.  log.  difflong.  =  log.  tr.  diff.  Ut.  +  LUn  couraB+  L  bbo  mid.  Ut  -  Btt  ^H 

In  the  apeciul  cue  of  "  pakallbl  iailinu  "  ;  tlie  lairj»  is  the  saiw!^| 

M  tbe  Int.  Irom  ;  tba  lanff.  in  u  found  from  tbo  formula—             ^^ 

Diff.  long.  =diiC  Ksec  lat.                                           ^H 

.-.  log.  AJ.  Itng.  =  log.  dist.  +  L  »6c  Ut.  -  10.                        ^M 

Jjatitude.  how  found—                                                   ^^M 

I.  IN  GEO-NAVIOATION.                                    ^| 

The  tatilude  ftt  the  preceeding  noon  lieing  given,  together  with  ^H 

th«  dittoDce  mn.  and  tlie  course  mode  good  since,   the  UtJtnda  l^^H 

found  from  t)ie  formula —                                                                          ^^| 

True  diff.  Ut.  -diet,  x  cos  course                             ^^M 

.                               .-.log  (r.(ii/.W.'=logdiit.4'L  COB  course -10,                 ^^M 

■                                        n.-IN  CELONAVIOATION.                               ^H 

H              In  the  figures  of  the  follonisg  articles,  the  projecliou  ia  uuiformly  ^^| 

1        mkde  on  the  plane  of  the  horizon  NWSE  ;   Z  is  the  ^nith  j  EQW  iIm  ^ 

"         equator ;    P  the  north  pole ;    F   the    south    pola,  and    NZ3   the 

Mnlth  distance  by  I,   the   declination  by  cf,  the  pvlar  dtstanue  by  p, 
the  co-latitude  (or  polar  distance  of  the  observer's  zenith)  by  r,  and 
the  lalilnde  by  t.     It  must  also  be  premised  that  the  aler  i.tiorv  of  tlie 
pole   U  e^ual  W  the   Utitnde  of  the  place  j   for  NP  =  NZ-ZP  =  90* 
-ZP  =  QV-7.P  =  QZ. 
1                 The  body  oliserved  may  be  the  «un,  the  moon,  a  star,  or  a  planet, 

(et  finding  the  declination  at  the  nioment  of  uliBpr%-aUoli,  varyiug  in  ^H 
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There  are  three  classes  of  obseryations  for  determining  the 
latitude.  (I.)  Meridian  Altitudes;  (II.)  Cibcum-mekidiah 
Altitudes,  or  altitudes  when  the  body  is  near  the  meridian,  and 
which  can  be  "  reduced"  to  corresponding  meridian  altitudes  ;  and 
(III. )  Kx-meridian  Altitudes,  or  altitudes  when  the  body  is  away 
from  the  meridian  :  pairs  of  such  altitudes  are  "combined  "  for  the 
resolution  of  the  problem. 

(I.)  Meridian  Altitudes. 

(i.)  By  an  observation  of  One  Meridian  Altitude  of  a  body. 

L  Above  tliedevated  pole, 
I(  dhe  considered  +  according  as  it  and  the  elevated  pole  are  of  the 
differ  >nt  "^"*®  *  ^^^  ^  (measuring  always  Jrom  Z)  be  considered  ±, 
according  as  it  reckoned  *q^^1!^  the  elevated  pole;  then  in  every  case, 

l  =  z+d 

The  different  cases  may,  however,  be  considered  separately. 

faj  If  the  body  (as  X)  is  on  the  same  side  of  the  elevated  pole  and 

z. 


m  ftcoording  u  t  and  d  itie  of  ttie  jiffg„n.  natne. 


fb)  U  the  body  (uX') 

,   Bdov>  llie  tltvaled  pole  (i 


I- 


betweea  ILe  elevated  pole  aud  Z,  then  - 


t  +  p 


iri  = 


+  90'  ■ 


(U.)  By  combining  obsor  vat  ion  8  of  Tv«o  meridian  alUtudeB  I 
of  a  body  whose  dBclioation  may  be  considered  couBtant,  v'uL,  nt  ll 
upper  aud  lower  calm inations,  n=NY,  (i,  =  NY' 
then  l^  Ha  +  a,). 
(U.)  CincnH-HRBisuH  Altitusu, 
Method  L— Using  Estimated  Latitude. 
Observe  a  number  of  ailtitiidea  when  the  body  lb  near  llie  meridia, 
noting  the  time,  and,  when  practicable,  an  onual  number  should  bo 
tAken  00  each  aide  of  the  meridian.      By  this  means  a  much  iijore 
•ccurate  result  may  he  obtiiiued  tlian  by  taking  a  single  altitude. 
1.  Abaiie  tlie  elevated poU. 
Let  ■£  be  the  mean  true  lenith  distance  deduced  from  the  mean  of 
tbfl  observed  altitudes,   and  t  the  unknown  meridiiui  zenith  distance  i 
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h  the  mean  hour-angle  found  £rom  the  times ;  let  /'  be  the  approxi- 
mate and  /  the  true  latitude.  Then  from  the  triangle  PZX  (the 
upper  or  lower  sign  being  used  according  as  T  and  d  have  the  same 
or  different  names), 

rt     r      COS  z'  +  sin  r  sin  (2 
006  I  COS  a 

Whence  is  deduced 

Vers  (r*cO=vers2'-coerco8ci  vers  h 
,\  Vers  2= vers  2'  -  cos  T  cos  d  vers  A. 
Assume  vers  p=cos  T  cos  d  vers  h 
So  that  hav.  p=co8  I'  cos  d  ha  v.  h 

.'.  L  hav.  p=L  cos  F+  L  cos  d+L  hav.  A- 20 
vers  2= vers  a;' -vers  p.    Then  as  in  (I.)  1,  Z=2+rf. 

If  the  latitude  thus  found  differs  much  from  the  assumed  latitude, 
the  calculation  must  be  repeated  with  the  new  value  I  instead  T,  and 
thus  a  nearer  approximation  to  the  true  latitude  will  be  found. 

2.     Below  tlie  elevated  pole. 

If  a/  be  the  mean  true  altitude,  and  a,  the  meridian  altitude  below 
the  pole,  it  may  be  similarly  proved, 

Vers  (90-  +  a,)  =  vers  (90"  +  a/)  -  cos  f  cos  (2  vers  (12h  ^  h) 
=  vers  (90'  +  af)  -  vers  p. 
Then  as  in  (I.)  2,  /=90*  +  a,-r(. 

Method  ii.  A  very  simple  practical  method  of  treating  an 
observation  near  the  meridian  has  recently  been  proposed  by  Mr.  J. 
White,  R.N.,  by  the  aid  of  the  Table  of  Meridional  Parts. 

Considering  the  zenith  distance  fzj  as  a  meridian  zenith  diatano* 
by  adding  or  subtracting  the  declination  fdj  we  obtain  an  approziniKte 
latitude  (f). 


UTFTODR. 


.  out  tlie  azimuth  (x)  uaccunttely  OS  m&7    I 
Then  if  I  ia  the  real  value  of  tliu  labitade   I 


With  r.  il,  nnd  A  wo  Id 
be  in  Burdwood  or  Davii. 
required 

Mer.  PartBforl  =  Mer.  PajUforf 
where   Mer.    Ports  for  ff=Mer.Parta   for  (0O"-/0f-Mer.   Parts  for 
(Z  -  00°),  k  being  the  hour  angle  of  the  body. 


Method    ii.- 


■fndependently    of  Appr( 
Latitude. 


From  X  drop  a  perpeiidiculnc  XM  (  =  4>)  upon   the  meridian,  aod  J 
let  MP=M,MZ=N;  then  from  the  right-angled  triiinj[Iea  XMP,  XMZ.  J 
COB  p  =  ooa  M  c< 


Cm  A  =  t«ii  M  o 


B    N   ■ 


::} 


.-.TanM=coeAcot  J  .-.  coa  N  =  8ii 

LtanM  =  LcoeA  +  Lcot(i-10j 

Lcoa  N=I.  lina  t-Lcogec  i-t-L  cob  M 

CQ-Utitude=M:fN. 

Uie  upper  sign  being  lakeu  if  the  eim  (the  Iwdy  observed)  paaaes  the 

meridian   outside  the  pole  and   xeiiith,   and  the  loner  if  it  pOBBea 

between  tbem-     If  the  l&titude  and  declination  are  of  different  names,   ■ 

Un  H  i*  negative.  Mid  the  are   tsJien   from   the   tables  mint  b*fl 


^ 
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subtracted  from  180^     lu  finding  tan  M,  unless  a  proportion  is  used 
for  odd  seconds,  the  result  may  be  several  minutes  in  error. 

The  "  estimated  latitude "  method  is  the  better  of  the  two 
described. 

The  "  Reduction  to  the  Meridian,"  or  process  of  reducing  an 
altitude  observed  near  the  meridian  to  the  meridian  altitude,  may  be 

effected     by    the    aid    of    Towson's    Tables 
[published  by  J.  D.  Potter,  Poultry,  London]. 

Method  iii.— Case  of  the  Polar  Star. 

The  preceding  formulae  are  always  available 
in  the  case  of  the  Polar  Star,  since  that  body 
by  reason  of  its  small  polar  distance  is  never 
far  from  the  meridian. 

In  this  case  however  it  is  better  to  employ  the  special  formulsk 
l-a-p  cos  A+  i  sin  r  fp  sin  hj*  tan  a. 

The  labour  is  very  much  diminished  by  the  use  of  tables  derived  from 
this  expression  and  given  in  the  **  Nautical  Almanac.*' 

(III.)      DOUBLK  AlTITUDH. 

The  latitude  is  found  by  the  combination  of  two  such  altitudes 
either  of  the  same  body  at  different  times,  or  different  bodies  at  the 
same  time,  or  of  different  bodies  at  different  times. 

Method  1.— Direct.    Oeneral. 

Let  p  and  p'  he  the  polar  distances  of  the  body  or  bodies  in  the 
positions  X  and  Y  (X  having  the  greater  azimuth) ;  sands' the  senith 
distances  ;  P  the  polar  angle,  which,  in  the  case  of  the  same  body  At 
different  times,  is  the  **  elapsed  time  "  ;  in  the  case  of  different  bodiw 


^^^^^M 

^^^^^^H 

^^^^M 

^^^^^H 

I^H^^I 

^^^^^^^H 
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rx           xn 

r-N     1 

•( 

» 

1  -Q 

&\ 

M  th«  um 

CMOOftw 

bodies  obisrved  at  ilLtrerent  tiniea,  is  a  coniUniktioD  of  th*     ^H 

•Up»d   t 

mo    snd    the  difference   of  right  aacousioiia.      Tlieo  wa    ^M 

•uccenive 

y  determine  the  following  arcs,  tliiia  finally  getting  the    ^H 

co-Utilud 

,  uid  hence  the  latitude  ;—                                                                   ^H 

Jrei. 

-XV.     In  the  triangle  XPY,                                                    ^H 

Vers  XY  =  'ren(p-p')  +  ,en3                            ^H 

H&ver^S^iinpiinp'Hav.  P                                ^^H 

or  in  tti«  iog&ritlimic  form,                                                                         ^^^| 

LhiivS  =  L8iQp+LBin/  +  LhavP-20               ^H 

Ub  von  i.  =  tab  vera  (p -^1  +  tab  vers  S.                        ^H 

(For  a 

L  hAvi  =  LBii>p  +  LBin/.'  +  LhaTP~20.]                 ^^M 

Jrcii 

— PXY.     IntietriiingleXPY.                                               ^| 

Hav 

PXV 

,inKp'  +  XY~^),int{/-XV->)                        ^H 

sinXYunji                                             ^^H 

Lh»triL  = 

LcoBBOi. -10TLcoBecp-10  +  iLhftvO)'  +  i.-)>)             ^^| 

+  iLlavO/-i.^).                                               ^H 

^^^^^1 

^H 

-ZXY.     la  the  triaugle  XZY, 


Hav,  ZXY^ 


■iiit(t>XY~il.iDtU'-XY-a) 


.   L  hmv  iii.  =  L  cdmc  i.-  lO-i^L  coseci-lO  +  l  Lluv(^+q 
+  )  Lhnv  (I'-I^). 
-PXZ. 

PX2=PXY+2XY 
iv.=ii.¥iii. 
Are  I-.— PZ  (Co-ktitude).     In  Ihe  triangle  PXZ. 
Vers  PZ  =  VBrs  (;<-i)  +  Teri  S 
Hav.  S^Biuj^iinihnvPXZ 
orLhavSsLBinp-hLsiiK  +  LhBTiv. -SO 
tab  vers  v^ts>b  vera  e  =  titb  vers  Ip-  i)  +  tab  van  3 

In  t«kiDg  the  observalioiia,  tlis  uearer  tbe  diOerenee  of  K 
the  two  boJiea  or  poaitions  nppi'uaobea  90°  tbe  better,  uud  tb«  leas 
wil]  be  tlie  effects  aii  the  rcBuUing  latitude  of  on;  errors  iii  the 
observed  altitudes.  Wlieii  the  skip  has  movei!  between  tbe  iwo 
observations  the  first  altitude  must  bo  corrected  {or  the  "rim  "  of  the 
ship  iu  the  iutei^al.  This  inny  be  doue  witb  the  aid  of  the  Travarse 
Table,  entering  with  the  auglo  lictween  the  bearing  of  the  body  at 
the  first  observation  and  the  ship's  course  uiade  good  in  tbe  interval 
aa  [a  oourse.  aud  the  dislaode  run  aa  a  dislan<;e ;  the  corresponding 
diff.  lat.  will  be  tbe  correction,  lo  bu  iuliUd  when  the  course  is  leaa 
than  eight  piiijits,  to  be  tublicrcirU  when  greater.  The  remUing 
latituuo  will  be  that  of  the  second  place  of  observation.     [Run] 

Before  loavijig  the  subject  of  tbe  general  Double  Altitude  it  ffl 
be    well    lo     add    that    thougb    combined    altitudea  of   t 
criptioa  are  now  generally  worked  ont  by  one  or  other  of  tht  Si 


.ubuuv  It  m^       I 

of  this  $■■ 
fthsSoa^^l 


methods  it  ouglit  not  to  be  overlooked  that  such  methods  fumiBh 
reaulta  that  are  oolj  approxunitte,  and  should  therefore  be  practised 
with  Boine  caution  Bod  diacrimiuatiou,  while  Ihs  old  l)ouble  Altitude 
proceai,  bosud  as  it  is  upon  tlie  principles  of  Spherical  Trigooomett; 
ia  mBthenrntically  rigorous  and  true. 
Method  ii.— Ivory's.  For  eatct'whtre  llte  deeliaalion  i* 
eoiuiiUrtd  IhtsamiJoT  fA«  turn  poniHont. 
Dnir  PB  the  p«rpeiidi<9ttUr  bisecting  XY   in  B  ;   and  Z&  tha   J 


perp*i'''l'cDbu'  from  the  zenith  upon  PB  (or  PB  prorloced)  meeting  it 
in  A.     Then  we  succeBaively  determine  the  following 
Arc  i.— BX. 

Sin  BX  =  BiD-^  ainp 
.:  Liini.  =J  LhavH  +  LooBrf-5. 
Arci\.-Vn. 

Cos  PB=  --2^ 
.-.  L  cos  u.  =  L  RiD  tl  +  L  sec  i.  -  10. 
i~^-tj!lf^  ^  poUr  distance  exceeds  90°  Ibo 
imoit  be  taken.) 
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^rciii.— ZA. 


Sin  ZA  =  co»Ua+°')»i°i(<'-a') 

Bin  BX 


.-.  L  sin  iii.  =L  cosec  i.  +L  cos  i  (a  +  a') +  L  sin  i  (a-a') -20. 

Arc'iY, — BA. 

Cos  BA  -  »">  i  {a  +  a')  cos  \  {a-a') 

cos  BX  cos  ZA 

.*. L  cos  iv.  =L  sec  i.  +  L  sec  iii.  +  L  sin  )  {a+a*) 

+  Lco8i  (a-a')-30. 
-4rrv.-PA. 

PA=PB  +  BA 


V.  =  11.  +  IV, 


Arc  vi.  — PZ  (co-latitude). 

CosPZ 


=  cos  PA  cos  ZA 


or 
sin  lat 
/.  L  sin  lat  =  L  cos  v.  +  L  cos  iii.  - 10. 

This  method  may  be  rendered  general  by  applying  a  correction  9 
to  the  computed  latitude  for  any  change  of  declination  in  the  interval 
between  the  two  observationfl.  By  this  means  it  may  be  used  for 
double  altitudes  of  the  sun*  Let  c  be  the  change  of  declination  in 
half  tlie  elapsed  time,  then— 


^=c- 


sm  UL 


cos  i  sin    -s" 


This  correction  is  additive  when  the  second  altitude  is  the  greater 
and  the  polar  distance  decreasing,  or  when  the  second  altitude  is  the 
less  and  the  polar  distance  increasing ;  otherwise  it  is  sabtractive. 


Another  Vl.y  of  olitaining  occnrncy  is  to  ane  the  meau  of  Die 
disUmce*. 

Ziatltude  of  a  Heavenly  Body.— The  Bugutar  dutouce  of  1 
the  boJy  from  llie  eolijilic.  It  is  me»Bured  by  the  arc  of  tlie  tircle  of  I 
Utituile  poiaiug  tlirougli  the  ploue  uf  the  im\y,  intercepted  bctweenj 
the  euliiitiu  ftud  tliat  place,  or  liy  the  correepondiiig  uijjle  t 
oeDtre  of  the  spliere.  Latitudra  are  reckoned  from  tlie  euliptiu 
pulei,  north  and  south  from  0  to  90".  Longitude  and  latitude  hi 
ecliptic  i^'Orilinntestordetiiiiiig  the  positions  of  pointa  on  the  celMtial  | 
concave,  and  indicaliog  iheir  positioDS  relatively  to  each  other  — 
ItODgltude  and  Latitude- 
Latitude  (Celestial),  Circles  of.— Great  circles  of  tlia  | 
celestial  concave  punHing  through  llio  polea  of  the  ecliptic,  i 
c»lleil  bwause  "  LiLitude "  is  uieaaured  on  tlieni.  They  are  ulaa  J 
l^led  ••  Circ'a  o/ Lomjifiulr,"  e.s  niarkinj;  out  iiIlp'iiotH  llmt  Luve 

■■tne  longitude.— Sec  Oo-ordlnates  for  the  Celestial  Sphere. 
Latitude  (Celestial),  Parallels  of  — UuitrcicoleBof  tbe  | 

oeleitial  conusve  parallel  to  the  ecliptic.      Tbey   mark  all   the  poiiii 
of  llie  beaven*  which  liave  tlie  same  latitude.     Conijiare  "  I'arullels  of  I 
Pecliuation,"   "  rarallclH  of  Altitude."— See  Go-Ordlliatee  fOT  | 
the  Celestial  Sphere. 

Ziatitude.  HelloceDtric  and  Oeoceotrlc  (C'k.  iix.at 

■iin  "  ;  7^1  "  the  earth  "  :  mid  tirrpor,  "  the  ceutrs  "). — Tertii supplied  I 
espcoially  .to  the  plnncU.  The  dislnnco  of  the  platicta  from  tlie  earth  I 
u  amall  compared  with  tliat  of  the  fixed  iiturg,  ojid  buoce  the  place  of  I 
Miy  one  of  tlicm  in  the  coleEtial  ooneave  voriei  Willi  the  potitiou  of  4 
lb<  apeclalor  in  dtlTerent  parts  of  the  eurth'a  orliiL  Thu«,  \ 
front  th«  earth  ai   centre,   we  h.ite  lliu  gumientriu  place  of  a  pluueb  J 
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and  tba  corraiponding  g«a«ontrie  latitude  mod  longitude. 
contrary,  if  viewed  from  the  sun  as  centre  we  have  the  helii 
plnce  of  the  plnaet,  anil  tlie  correepoDiliiig  helioceutric  latitude  rutd 
loDjptude.  The  geocentrio  ililTars  from  the  heliooeutriu  plnce  of  » 
plniiet  by  reaaoa  ^of  that  parallactic  cbauge  at  sppareDt  ai 
wbicli  sriKB  from  the  earth 'i  motion  in  her  orbit, 

XiOB^^A  piece  of  l^d  attaulied  to  a  string   used  for 
souDdings,  or  for  certifying  that  the  water  is  above  a  certain  depi 

Lead-arnlllS.— A  lump  of  lalluw  pressed  into  the  lower  end 

of  tlie  lounitiug-leaid,  for  the  purpose  of  ascertaining  the  nature  of 
the  sea  bottom. 

Lead-Une. — The  Hue    attsLched   to  the  lead  used   for  t 
sDucliiiga.      ThU  line  U  macked  at  the  10  fathoms  (leather  ■n 
ronud   liole)  sud  the  20  fathoms  (piece  of  cord  i 
inlermediate  fathoms  between  these,  at  3  (leather),  5  (white  i 
(red  rag)  ;  also  at  13  {blue  rag),  15  (while  rag),  17  (rod  rag), 
depths  are  called  Jilixrti,  and  those  which  ore  not  thus  ini 
Dtrp»;    and    the  leadsman,  in  Calling  the  soundings,  cries  e 
"By   the   Mark,"  or   "By   the  Deep."      The   word   "deep"  I 
conitption  of  dip,   for  in  estimating  the  depth  with  the  liand-Il 
when  it  lies  between  the  fnlhums  marked  the  line  I 
of  ;tha  water  and  "  dipped  "  down  again.     The  only  fraotioiMfl 
fathom  iiaed  are  a  half  anil  a  quarter — t.g.  '\  fathoms  is  *'aud  k^ 
seven  "  ;  1\  is  "a  quarter  lees  eight"     The  band  lead-line  is  li 
to  20  falhoroa.     The  deep-sea  lead-line  is  marked  in  a  similar  a 
up  to  20  fathoms,  after  which  every  suboequent  10  fathotna  u 
by  a  piece  of  cord  with  an  additional  kuot,  and  between  t| 
of  leather  marks  the  5  fathoms. 


I,  lumd-^Tlie  Bonnding-lead  for  ulinllow  wnter, 
1  it  being  ttirowii  by  the  "ImnJ,"  The  use  of  it  U not  Quly  t( 
obtain  suimditigB,  but  to  satufy  the  pilot  that  tbe  water  is  abovaU 
cartain  deptli.  The  "  leadaman,"  standing  id  the  chnins,  Bwiugs 
iMd  once  or  twioa  round  and  then  "  cubIs"  it  forward  as  far  m 
0*41.  He  drswe  the  line  tight  from  the  lead  at  the  iuetant  the  ship 
in  ber  progress  places  him  perpetidiculBrly  over  it.  It  desceuda  about 
10  blhoms  ia  the  gret  aii  seeondB.  T)ie  hand-lead  weighs  14  Ibt., 
and  is  attnched  to  about  2Q  fatbomi  of  line.  A  HmoU  lead  of  aboot  J 
Stbs.  or  01bs.  is  sometimes  used. 

Lead,  Deep-eea.— The  sounding-lead  for  deep  water, 
wei^t  is  28  Iba.,  and  It  U  attached  to  a  line  of  100  fathoms  oi 
wonnd  onn  reel.  In  heaving  it,  the  ship's  way  ie  reduced  if  neceuarj,  .i 
and  the  line  baring  been  paieed  aft  outside  of  all,  the  lead  it  carried  j 
loTward  and  dropped  from  the  lee  cathead,  or  fore-chains. 
error  of  the  souudingi  is  geoerally  in  excess,  as  the  line  can  seldom  g 
be  ctretcbed  straight  from  the  lead. 

Sir  \VUliam  Thomson  has  invented  a  "Navigational  Sounding  1 
Machine"  for  thepnrpose  of  obtaining  so  imdiiigs  from  a  ship  running,'! 
at  fall  speed  in  water  of  any  depth  not  exceeding  100  or  150  fatboma,  I 
See  "Journal  of  the  Boyal  United  Service  Institution,"  vol.  nii.  | 
No,  iciv, 

IfSaglie  ^■'^p,  tei^Mt/— Three  nautical  miles. 

Iieap  Tear  or  Bissextile,  ^Tbe  Year  which  thecalendw| 
T^nlates  («  consist  of  SCGinsteml  of  .165  days.  It  derives  it 
from  leaping  over  a  day  more  than  the  ordinary  year,  which  day  n 
not  legally  recognised.  The  24th  of  February*  and  the  following  dajr  I 
in  the  biMeztile  year  were  considered  in  the  Roman  law  as  one  dayM 
_^_^  R    2 
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and  so  in  tin-  Ku^tisli  calemlar,  by  atatute  21  ilenry  III.,  the  ii 
o&l&ted  day  nml   that  preceding  it  were  considered  legally  u 
("CuiiipiUetiir  .iic- ille  ft  dies  proiime  p 
See  Bissextile  ami  Calendar. 

liSe^vay .  — The  angle  wb ich  the 
■hip's  track  iiiiliuu ted  by  her  wake  mikkes 
with  licr  fore- [ui<J -aft  liue  or  keel.  Wheu 
the  >hjp  ii  nut  going  before  the  wind 
An  will  not  only  be  forced  foiward  in  the 
dirwliou  of  hur  head,  but.  in  conae- 
qnenca  of  the  wind  prening  ngainst  her 
.■fdewayi,  her  actual  courm  will  be  to 
"  leeward ''  of  the  apparent  conne  that  she  i»  lying.  Experienoa  ■ 
obaervBlioii  are  leijuired  to  JQ'Ige  what  amount  of  leeway  to  allow H 
•Mb  cooe.  It  ID  one  of  the  correctiooa  to  be  applied  in  reiluciog  the 
compaas  course  to  the  true  couraa  in  the  day'a  work  ;  the  correctloB 
beiiie  allowed  In  the  ri-jkt  when  the  (hip  is  on  the  port  taei,  Lt 
port  aide  to  uriKlward,  and  to  the  f(/t  when  on  Uie  «far&iMnJ  t< 
A  limple  tigiii'f  will  always  remove  any  doubt  in  makitig  ■ 
correct  iona. 

Length  of  a  TVave.— The  horiioni*l  distance  between  two 
adjurxiiil  <.'ro3te,  i.ir  two  adj.iaent  hollows. 

Leo,  Constellation  of  <L.  "The  Lion").— The  fifth  cmutol- 
lation  of  the  loihac,  coming  between  Cancer  and  Virgo,  and  aitukteil 
near  the  (ireat  llear  on  the  opposite  aide  of  it  U>  the  pole  atar.  Ra 
lonr  principal  ala.n  form  a  trapezhim.  a  LtonU  called  also  Cor  LtofU 
("The  Lion's  Heart")  aud  Btgalag,  may  be  touuij^  by  joining 
a    And    Ii    Urani   Majorii    ("The  I'oiatora *')    and  ountinuing  tb* 


^^^^ 

Hue  about  twicv  the  longtli  of  that  aouBtttlktion  ;  lliia  line  also  paJM^^| 
7  LtoaU.      pLtmiA,  ealled  also  DeaiboU  (■•  The  Lion's  Tail  "),  M^| 
(oond  l>y  jomiug  •;  Ura^u  Majut  ia  (tLe  laal  star  in  tlit  UQ  of  Llie  GraS^H 

«X«on>f,  Mag.  1.1;  N.A.  1S96.  KA.  I0>>  3°,  Dec.  + I2°29',  ^  Zconl^^H 
Uag  2.2 :  N.A.  1SQ6.  R.A.  1  Ih  44™ ,  Deo.  + 15°  H'.  >  Uoni..  Mag  2.3^H 
N.A.  18W,  B.A.  lOh  14n>.  I)BC. +20°22',      a  Lemu,  Miig,  2.8  :  N.A^H 
18»6,  K.A.  llhgni,  Dec. ^21*  10'.                                                            ^H 

Leo,  Sign  of.— The  fifth  sign  of  the  ecliptic,  including  from  128^1 
to  160"  of  lougituJe      Oniiig  to  the  preeeaBion  of  the  cquinoxeB,  lfa^^| 

ia  in  Leo  froru  12ai  July  to23riI  August.     S;nibol  St..                         ^^| 
Lesser  or  SmoU    Oi'^leB.-LeMer  or    Siiiiill   rirclea  of  th^| 
Sphere  ate  section!  hy  p  ones  wliiob  do  not  paan  througli  the  oentre.^^^ 
Thui  parallelBof  latitude  are  leaaer  circles  of  Ihu  tiTK^alrinUphoret 
pwallelB  of  declinatioD,  paraUeU  of  ktiludH,  aod  parallals  of  allitudft 
ue  leeaer  circles  of  the   celestial  apbere.— See  OlrclfiB   of  thS 
.      Sphere. 

Level  of  the  Sea.— The  lero  plauo  from  whivh  heights  and 
depths  are  reokonod.      As  the  actual  lea-level  ia  conslaully  varying,^! 
with  the  tides,  it  ia  ncceaiarj  to  define  more  particularly  the  Btsji(U(^^| 
for  camparison.   The  Mtnii  Lrml  tf  the  Sta  is  the  miildle  plnnc  bvtweJ^H 
the  lerels  of  high  and  low  water.      Though  the  range  of  the  tide  m^^H 

limit*. 

Iierel,  Spirit.— An  iDstrument,  for  aacertainiiig  Ule  horixon-          i 

Ulity   of  a   Iiue  or  plane.      It  causista  of  a  hollow  glass  tube  O^hI 
,      anifortn  Ixire  cbsed  at  Uth  ends.  Mid  nearly  Bllod  with  a  Said  ^^M 

'       S46                                      nasT  fotv-t  of  libu.                                  ^H 

great  mobility,    such   a*   spirit wineorsulpliurieether.annir-bnU^^H 
remaiuing  enclossd.      The  tub«  ia  not  quite  straight,  but  baa  a  ■UflJ^^I 
unifomi  aurvatara,   tbe  convci  side  being  placed  upwaitiB,     Tbel^^^f 
bubble  will  alwaya  occupy  the  highest  position,  ami  thii  will  bo  tfl^^H 
middl«  point  of  th«  tuba  when  the  inatrninentitanda  i.ia  porfeoflj 
horizontal  poailion  m  regards  it  lenglh.      To  aaeerlain  the  Loriiou* 
telity  of  a  given  line,  the  level  is  first  placed  ujjou  it,  and  the  positioD 
of  the  bubble  noted  ;  it  ia  tlien  reversed  end  for  end.  and  the  bubble 
must  renmb  in  the  same  position  as  before.      For  a  plane  the  t«*t 
must  be  repeated  in  a  direction  perpendicular  to  the  firal  pair  of 
observfttioiiB.    Astronomical  levels  are  (umished  with  a  divided  Mal« 
by  which  tlie  positioti   ot  the  eodi  of  the  babble  can  be  accnnld^H 
l)ot«d.                                                                                                         ^H 
Libra,  OonstellatiOn  Of(L.  " The  Balance").— The teTanf|^| 

eoDtains  two  principal  stars,  a  Libra,  the  Xorrh  Balanet.  and  ^  lAbrct, 
the  S'lHlh  Baiana,  the  former  bisecting  the  line  joining  Spica  and 
Antnres,   the  latter  with  Spica  and  Arcturus  forming  a  triangle.     i^H 
Litrui.  Mag.  3.0 ;  N.A.  18M,  R.A.  141.  45'",  Itee.  -  16'  37'.     p  UMmH 
Mag.  2.7;  N.A.  IB9G,  R.A.  15>>  Iln,  Dec. -B°0'.                               ^H 
Ubra.  Sign  of.-Tbe  seventh  sign  of  the  ecliptic,  iticlndb^^ 
from   180°   to  210°  of  longitude.     Owinft  to  the  preoesaion  of  the 
equiiioiFB.   the   coustellatian  Virgo,  and  not  Libra,  is  st  present  in 

October.  Symbol:^. 

Libra,  First  Point  of.-The  "  Autumnal  E-piimctial  /*oi«t,- 

Iilmb(L.  limbiin,  "it  border"').— 1,  The  outer  edge  of  the  diso  »(■ 
>  be«VGDly   bodj.     Tlie   ioitials  U.  L.,   L.  L.,   F.  L.,  N.  L..  BUnd  1 
TStpeotively  tor    '■  appcr    limb,"    "lower  limb,"    "  fnrtlier    liit 
"  nearer  limb."    In  the  cane  of  the  moon  the  terminator  mu't  iiol 
n»ed  aa  >  limb, 

S.    In  OBlronrimioal  irstrumcnt^,    Biicli  us  the  ecxtnnt,  tlie  lini 
the  ^rsdaated  arc. 

Une.— "The   Line"   is   the   colloquial   abbre 
Equinoctial  Line."    It  ia  where  the  plane  of  the  equi 
•urface  of  the  earth,  nod  ia  therefore  coincident  with  the  equator  (j 
all  places  sitnnted  upon  it  have  the  day  of  equal  length  uitli  tlw 
night  lhroii{{liont   Ihe  year,  the  lengthening  of  the  day  owing  t 
refraction  and  dip  lieing  neglected.     I'awing  ftuni  one  heniiapliei 
the  other  ia  oomiuonly  described  aa  "  Crossing  the  Line." 

Liquid  Compass.  -Sec  Compass. 

Local  Attraction.— The  lerni  iiidiotttiiig  the  magnetic  inllu 
■OD  the  ciinigABs  needle  of  volcniiic  und  other  nutnral  magnetic  bodies, 
or  of  ai'tiScial  iron  accideatally  in  the  locality  of  the  ehip,  bnt 
cxtrtuieous  to  it.  The  ialanJd  of  .St.  Helena  and  Ascension  are 
inalMlces  of  the  former,  while  in  the  hitter  are  included  the  ti 
«nuiea,  water-pi  pea,  and  pillars  which  generally  surround  our  docka,^ 
and  adjacent  iron  ships.  The  term  is  sometimes  applied  t 
•ttraclion  arising  from  Ihe  ship  itself,  which  is  tlie  habiuit  of  lh|J 
eompaos,  but  it  would  be  desirable  to  discontinue  this  use  of  the  i 

Local   Deviation. —The   angle    throagb    which    tFie   con 
needle  is  deflected   iu   consequence  of  the   disturbing   inSiten 
"  heat  attrurtiim."    We  snggest  the  npplicBtiOD  of  theunappropriairi 
«tmple  terra   '•  UetteHon"   tor  this   correction       The  simple 
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"  Derinliaii "  ■■  BuSoieot,  without  any  quatifyiog  word,  t«  mitioaUi 
the  cQrrectioii  rondercit  DeceMSiy  by  tliu  eSeata  of  th«  iroo  of  iba 
•hip  wliich  purrlei  Die  compasi.  — Sec  Compass  Oorrections. 

Local  Time.— Locul  time  is  that  which  la  reckoned  at  ew:h 
p*rtieiilttr-  plnoo  from  t.a  epoch  or  initial  iastnnt  dotermined  liy  lo«il 
conveiiLenoe  ;  and  ia  thua  iliBtingaished  from  time  in  tlie  abatnict. 
whith  ia  oommon  to  the  whole  universo,  Mid  therefore  reckoned  Erom 
Ml  opoch  independent  of  local  aitiwtian.    See  under  Time. 

L.  M.  T— The  initials  for  "  Lotal  Mean  Timt,"  somotimoB  need 
tn  cootradialLnction  lo  O,  if.  T.,  "  Oi-i-mmich  Mean  Tiuie."  We, 
hnwever,  recommend  adherence  to  the  more  common  S.  M,  T. ,  us  tha 
correlative  ofO.  M.  T.  To  the  navigator  S,  M.  T,,  "Ship's  Mean 
Time,"  sounds  more  pmcttcal  Chan  Local  Mean  TJioo  ;  and  jf  wo  want 
It  to  ha  received  in  a  more  geueral  senae,  it  may  stard  for  "  Mean 
Time  at  tlio  Station  of  Spectator. "  The  objection  to  the  term  "  Local 
Mean  Time  "  here  is,  that  Local  7'itne  properly  includes  Greenwich 
time,  for  it  ia  opposed  to  fine  in  Ihe  ahutract  which  is  common  to  tb« 
whole  nniverae,  and  therefore  reckoned  from  an  epoch  independent 
oflocnt  situation.— See  Time. 

IiOg  (Sai.  iog,  "a  havm  trunk  of  a  tree,"  so  called  from  tha 
word  liijfi,  Dii.  liggen,  because  it  "lies,"  as  it  were  immovable. 
Hence  the  appropriateness  of  the  nanie  lo;/  as  applied  to  tlie  pieoe  o( 
wood  which  lie*  dead  upon  the  water  and  doe*  not  participate  in  tbs 
motion  of  the  ship. — A  contrivance  for  ascertaining  the  rate  of  a  ship 
through  the  water.  Though  the  term  ia  derived  from  the  most 
primitive  form,  it  is  now  generally  applied  to  all  inBtrumonla,whfther 
for  aacerteining  the  rate  or  the  actual  distance  sailed  over.  TheM 
instrninHnta.  according  to  the  principle  iovolved,  may  be  divideil  into 
thrNi  nlnnoa  I.  Dwd  Jjogi,  U.  Srmi>  Log*.  Ill,  Liquid  Log*.     Of  tlw 


THK    LOO-BHIF,                                                        W9 

first  descriptiou   ure   tha   Common   Lo-j,    tlia  Duldimni,'ii  Lnij.  the 
Crmmd  Log ;  the  aecond  JDcluilei  what  are  aommoiily  uixlertilooil  liy 
Ihs  Putfat  Logi  aiich  ui  Matu.//.  Rnil  Wulhrr'a  ;  wliUu  N.ipUr't  Lag 
b«toii|;i  to  the  lost  clwa. 

I.  Dead  Logt.—Tke  AcoA  log  gives  its  name  to ' '  dead  reckou[Dg," 
th«  inethi>d  uml  in  geo- navigation  wheu  tlio  navigator  leave!  the 
•icinity  of  land,     'I'he  general  principle  of  it  U  simply  this.     A  body 
thrown  from  a  sliip  in  motion,  u  aoon  ui  it  touohes  the  water  ceasea 
to  partioipato  in  the  motion  of  the  vessel,  and  will  be  loft  hehiud  on 
the  «ur[jice  of  the  aea. 

After  a  certaiu  short  interval,  if  the  distanoa  the  ihip  ha*  poaaed 
Khead  of  the  stationary  flout  be  measured,  thta  vrilt  give  the  rate  of 
HiliDg  with  more  or  leas  accuracy.     In  the  common  log  the  float  is 
thrown   from   the  Bt«rn  of  the  ahip  and   is  attached   to  it,  In  tha 

by  and  leaves  it  behind 

I.  The  Oommon  Log.  —A  deiul  log  coDaiating  of  three  parte— 
the  Lou-Ship,   the  Log-Lhir.  aiirl  llie  Lo'j-Olatt.     The  log-sliip  ii  the 

neMnres  the  diitauce  the  sliip  ^aila  dui-iug  the  intei-val ;   and  the     ^^| 
log-glaMinaTka  tliia  interval.     The  following  U  a  deacription  of  IheM     ^H 

The  Log-Ship    C'log-chip''),   is  u  thin  wooden  quadrant  of     ^H 
mboiit    live   inches   railiuB,    loaded    on    tlia    circular   edge    with    lead     ^H 
■ufficient  to  make  it  float  upright  in  the  water.     The  object  of  thia     ^H 
b  to  impede  ita  being  dragged   through  the  wat«r  by  the  log-lius    ^^| 
(which  ia  Caalenad  lo  it)  while  running  out.      Tha  manner  in  which    ^^H 
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the  log-line  it  atlached  is  aiich  tlint  this  piirpoae  is  terved  onlirw 
k  tneBsarenient  is  being  mnd*.  At  each  eod  of  the  arc  nt  Uie  lug-ill^  ' 
iB  a  hole,  through  one  of  whicli  holea  tiie  log-line  i>  rovo  nod  knottad; 
ft  piece  of  line  aboDt  eight  inches  in  leugth  a  spliced  into  it  at  tbftt 
diatancfl  from  the  log-abip,  having  at  the  other  end  a  peg  of  wood  or 
bone,  which,  when  the  log  it  hove,  ia  firmly  pressed  into  the 
tinoccDpied  hole.  It  reaiaina  thus  while  the  line  is  running  out.  bat 
comes  awiiy  when  the  line  is  being  hauled  in.  The  log-ship  ia  Mima- 
times  bored  witli  a  hole  at  carh  of  its  three  cornera.  IuBt«(ul  of  thia 
piece  of  wood,  a  canvas  bag,  with  a  small  hoop  at  its  mouth,  like  > 
fimiial  ia  sonietLmes  asetl.  A  ilescription  trill  bIbd  be  found  hi 
Boliertaan's  Nnvigalioii  of  one  in  the  form  of  a  wooden  cone  with 
linker  attached  eonstructnl  by  J/.  Bowjuer  and  published  in  Paris  is 
1763,  and  subsequently  with  modifications  by  the  ^6Wrf<  fa  Catffc. 

Z  The  Loij-iine.  U  a  line  of  about  160  fathoms,  one  end  being 
attactieil  as  aliove  descrilied  to  the  leg-ship,  and  the  other  fastened  to 
K  reel  on  which  the  line  itself  ia  wound.  At  ten  or  twelve  fathotot 
from  the  log-ship  a  conspicnoua  rag  of  bunting  ia  placed,  which 
marks  off  what  is  called  the  "  stray  line,"  a  quautity  sufficient  tclet 
the  log-ship  go  clear  of  the  vessel  before  time  is  counted.  The  rat 
of  the  line,  which  constitutes  the  log-line  proper,  ia  divided  into 
equal  portions  by  bits  of  string  Rxed  through  the  strniida,  and  distin* 
guished  by  tlie  number  of  knots  made  in  each  ;  hence  these  divtaiolii 
are  called  "  kiiolB."  The  length  of  a  knot  on  the  line  depends  upon 
the  numlier  of  seconds  which  the  log -gloss  used  measures.  The  lad 
of  each  knot  must  bear  the  same  ratio  to  the  nautical  mU«  tl 
time  of  the  glass  does  to  an  hour. 

Numlwr  o(  feet  in  1  knot  _   NnroVr  of  saconda  of  glal 
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Number  of  feet  in  1  mile         Number  of  secouda  u 
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Formerly  it  wub  coiuiJei'ed  tltnl  h  degree  of  a  terrestrial  great 
«ircle  wu  GO  miles,  each  of  5D(KI  EogliBli  Uet,  otid  th«  length  of  a  knot 
ACalcnlttUd  at -^^=  41|,  or,  iu  round  numbers,  42  feet. 
This  w«B  llie  olii  length  of  tlie  knot ;  and  even  afl«r  it  was  found  by 
experienoe  lo  Iw  too  sliort,  rather  than  niter  it  inariiiera  often 
preferted  reducing  their  glatsea  tn  25  or  24  seconds.  In  1635, 
Norwood  OHtiinal«d  a  ilegne  to  niuoBure  367,000  teet  (about  60} 
English  miles),  and  heuce,  nocording  to  him,  the  UHUticul  niite  was 
J^^  or6120tc6t.  This  gives  the  length  of  a  knot  ^.  =5I£«et. 
It  is  usual  now  to  regard  the  nautical  mile  as  being  6060  feet.  [Sea 
Mile.]  In  tUia  com,  with  a  30<  gloss,  the  length  of  the  knot  on 
log-line  wiU  he  503  '««'  I  »""*''  »  28*  glass  its  length  wUl  be  47'3  foot, 
Thekuotissnpposed  to  Iw  divided  into  eight  e<iu»l  ports  or  "faUioms," 
tlikt  being  nearly  their  actual  measurement.  It  is  now  cuetomary, 
however,  to  u«e  tlie  more  ronvenient  decimal  aubdiviiion. 

The  Log-glass  is  a  sand-glass  of  the  BBUie  aiiape  and  COn- 
■tmclion  OB  l.be  old  ■■  hour  glais."  There  are  two  lag.glosBes  used  ; 
the  irf)nir-^M«  which  runs  out  in  30*  ot26>  ,  and  the  Short-gloM, 
which  runs  out  in  half  the  time  of  the  long  one.  If  the  ship  is  going 
laat  than  five  miles  an  hour  the  long-gloss  is  ns«d ;  when  she  is  going 
greater  rate  the  Bbort-glnss  is  used,  and  the  number  of  knots 
iodioated  doubled,  the  log-line  being  construuted  for  the  log-glass. 
The  gUues  supplied  to  the  Royal  Navy  run  Sg>  and  14i  . 

Heaving  the  Log.— Using  the  (.-umpouud  instrument  above 
daanibed  hi  called  "Heaving  the  Log."     Itia  thrown  from  the  stem. 
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One  tana  liolda  the  reel  on  which  the  log-line  ia  wound,  anil  Mtotbcr 
the  log-gtau  in  an  almost  horizoiilol  position.  An  otGcer  of  Iha 
watch,  having  cautioned  tha  helinBmaii  to  keep  Uie  ahip  steady  on  hsr 
coaru,  takes  the  log-ship  and  preaiea  the  peg  into  lis  pUce  (esoept 
the  Teasel  is  going  very  fnat,  when  the  arrangement  issiiperfluooa]  ; 
he  then  uqwtnila  a  sufficient  quantity  of  line  and  holds  it  "  faked" 
{not  "coiled"}  in  his  hand,  and  having  ascertained  that  there  ii  a 
"  clear  glaaa,"  throws  the  log-ahip  well  out  to  leeward,  so  os  to  de»r 
the  eddies  of  the  wake,  and  in  such  a  manner  that  it  may  enter  the 
Wftter  perpeudiculurty,  and  not  fall  flat  upon  it.  The  line  runs 
through  his  hand,  and  when  he  feels  the  hutiting  nig  which  marks  off 
the  stray  Line,  ho  oriaa  out  "  turn  !  "  The  glnsa  holier  aotwen 
*'  done  ', "  When  the  veRsel  is  before  a  heavy  sea,  the  line  ahoold  h» 
paid  out  rapidly  when  the  stern  is  rising,  anil  tlie  reel  retarded  when 
the  line  sbckena  in  conse<iuenee  of  the  stem  falling.  The  moment 
the  gluaa  ia  run  out  the  gloBS-hoIder  cries  "  stop  I "  when  the  reel  ta 
immediately  stopped,  ami  (lie  length  of  the  line  run  out  read  off,  any 
portion  above  a  deflnitc  knot  being  estimated.  This  gttes  the  t»t« 
of  Bailing,  subject,  however,  lo  the  edects  which  may  be  produced  bj 
cnrrenta.  The  log  is  hove  every  hour,  and  it  should  be  done  alM 
whenever  the  ooarse  is  changed. 

Log,  AclJUBtineQts.  — The  tog  ia  all  iu  parts  reqtiires  to  b* 
periodically  adjusted.  (1)  The  log'ship  must  be  examined  and  the 
peg  found  to  fit  BufTicienlly  light,  (2).  Tholog-Hiie  shrinks  unequally, 
and  repcati'dly  requires  to  be  verified.  In  every  ship  there  should  he 
nails  placed  in  the  deok  at  the  proper  distance  to  measure  tte 
distance  of  the  knots.  When  the  Ing-Iine  is  thai  exiunined  it  sliooU 
be  wetted.  (3)  The  log-glaM  should  often  Iw  compared  with  a 
iratch  which  has  a  seconds'  hand  or  with  a  seconds'  peudulnm.    Sosh 


PI^H^^V^^I 

a  pendiiliuii  may  easily  be  construeted  by  huDgiug  from  a   pag  a, 
muBket-buU  by  a.  amall  thread  SSJ  mches  long  from  the  centre  of  the  j 
baU  to  tlie  peg.  In  damp  weather  the  aand  ia  retarded  and  aometimea 
lumg>  together.      One  end  of  the  glass  ia  stoppe.l  with  i>  cork,  which 
«an  be  taken  out  whenever  the  g&nd  wonta  drying,  or  its  qwtDtitjr 

baud  ship  to  bo  able  to  count  icconda  oorreolly  for  a  short  period. 

liOg  BrTOre.— The  log  may  be  found  to  bo  out  of  adjuatment 
fttt«r  obicrvatiojin  have  been  ma^le.   and   then   it  is  Deoeaaary  ta 
Mknowlclge  theeiTora  and  make  allowances  for  them. 

Lei  L  In  the  true  loagth  the  knot  on  the  line  should  be,  and  N 
tbe  number  of  nich  length  ran  out  ;  f  tUe  actual  false  length  of  tb« 
knot  on  the  line,  and  n  the  nttmber  of  these  ran  out.      Then,  ainco 
tlw  same  length  of  line  has  run  out,  however  it  ia  divided,                        ^^ 
LxN=lengthnino>it=Jxn                                 ^H 

tine  T  Mcomis,  tlie  troe  rate  R,  ivnd  the  erroneous  vtlues  of  these 
iwpacUvely  I  feet,  1  seconds,  and  r  are  given  by  the  formula 

Again,  M  tlie  whole  diaUnce  rtin  is  pruinttional  to  tba  rate,  ifD^^H 
mar  HulMtitnl^  D  for  It  and  il  for  r  in  the  above.                                      ^^H 

£54 


2.  The  Dutchman'a  Log.— Propcbly  the  oldest  form  of  Uio 
dead  lo^,  buing  Biniply  a  einull  piece  uf  wooil  or  oilier  floating  bwlj 
■uch  as  an  empty  bottlo  without  any  attachment.  Thrown  overboarf 
it  reniaina  atalionary  and  its  position  it  not  subject  to  auy  disturbinK 
cause  auch  as  tlie  drag  of  the  log-line  in  the  common  log.  To  use  thw 
for  estimating  tlia  ratE^Tu  o  points  on  the  ship's  rail,  as  far  apart  as 
possible  are  marked  otf  and  the  distuice  between  them  accurately 
meaaured.  Curmspooding  lines  are  drawn  across  tLe  deck 
perpendicular  to  the  fore-and-aft  line.  The  log  is  thrown  OTerboard 
forward  in  the  direction  in  which  the  ship  is  going  and  when  (ha 
Srsl  niurk  piiiueH  it  the  exact  time  is  noted  and  called  out  and  sinular 
when  tlie  second  mark  pauos.  Let  I  be  the  length  in  feet  betWMO 
the  marks,  t  the  interval  in  eecoDda  between  the  two  umrks  pasuaK 


the  logandrtherate,  Thenr- 
3000,  i 


To  find  the  n 


n  miles  per  hoar 


we  have  Rate^^r 


6  i 


"IOC 


3.  IiOg',  Qround.— A  log  adapted  for  use  io  shoal  water  where 
the  set  of  the  tides  or  current  is  much  affected  by  the  irregularity  of 
the  channel  or  other  causes,  and  when  at  the  same  time  the  shor^  if 
visible,  presents  no  distinct  objects  by  which  to  fix  the  ship's  pontioo. 
Its  characteristic  feutura  is  that  an  anchor  takea  the  place  of  the  floaL 
It  consists  of  a.  amall  leatl,  and  a  line  divided  as  the  common  log  llni, 
and  a  glass  correspooding.  U'hea  hove  the  lead  remains  fixed  at  tJie 
bottom,  and  the  line  thus  exhibits  the  effect  of  the  combined  motion 
of  the  ship  through  the  water,  and  of  the  currant. 

Olirrent  Log.— Aa  it  is  the  relative  alteration  in  the  position 
of  the  ship  and  float  which  the  log-ship,  line  and  glass  determine,  If 
the  ship  is  stationary  and  a  current  carries  away  the  float,  the  set  anil 
rate  of  the  current  may  bs  obtained  with  this  instrument  wben  tba 
ship  is  at  anchor,     The  same  method  may  be  applied  at  Ma  Vj 


lowering  a  Ixal  which  can  bo  rendered  stalionnry  for  tliB  time  by 
meuiH  (if  a.  heavy  weight  let  dowu  from  its  Htern  to  the  depth  of  SO 
Of  100  lathoms.  Tlio  loj;  U  hove  from  the  boat,  whicii  gives  the  "  tiit«  " 
of  the  currsnt ;  the  "  aet "  'a  obtained  by  □□ting,  with  tba  &jd  of  » 
I,  the  direction  in  which  the  float  drifts. 


IL  Screw-IiO^.  =TI]eBe  logB  gire  the  rnto  by  registering  th» 
actoal  distauce  passed  over  iu  oiiy  time  uoted.  The  principle  upon 
whicli  they  aje  eoofltructtid  Is  the  BttniB  aa  that  of  the  screw 
propeller  of  a  steamer. 

The  faster  the  icrew- propeller  is  made  to  rotAt«  by  the  engine^ 
the  falter  the  ship  it  forced  through  the  water.  Hence,  convenely,  if 
*  Free  screw  be  attiuibed  to  a  ship  in  motion  and  be  dragged  tbroagll 
the  water  by  it.  the  faster  the  ahip  goes  the  more  npid  will  be  tbo 
nilAtioii  of  this  screw.  la  Che  former  case,  the  screw's  rotatioa  in 
water  propyls  the  ship  ouwards ;  aod  id  the  second,  the  onward 
molioD  of  the  ship  causes  the  screw  to  rotate  in  the  water.  And  il 
both  cases  the  number  of  revolutiona  actually  made  Rill  corraspood 
Ui  the  whole  distance  travelled  by  the  ship. 

These  logs  are  ordiuarity  spoken  of  as  the  Paleiil  Luyi :  there  are 
two  in  comniLin  uae  tailed  after  their  Patentees— Jfoat^i/'o  and  Walter't. 

1.  Uasaey'S  Patent  Log.— Mr.  Edword  MaWey  was 
original  pat«Dt«e  of  the  screw-log  and  has  sbce  introiiuced  important 
improvements  in  its  construction.  It  oanaiflta  of  two  essential  ports 
— tha  Rotator  or  Fly  F,  and  tiie  Recorder  or  Register  R.  ' 
manner  in  which  these  are  connected  coustitutea  tba  chief 
diSerence  in  the  diflerent  forma  of  the  iDatruuieDt.  The  wbolo 
JDitmmBDt  is  towed  astem  by  a  line  varying  from  20  to  50  fatboma 
aecordiug  to  the  aize  of  Ihu  veasel,  on  estiential  point  being  to  keep  , 
the  machine  out  of  the  eddy  of  the  ship's  wake.  As  il  is  thus  drawn  J 
along  tlirough  the  water  iu  ahorizontolposition,  thaobliquedireotioOi  J 


^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H 

^^^VBI^IHI^^H 
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of  ll.o  Vance  cauan  the  By  tu  rouita.  oiiii  tliU  motian  is  commuuicatad 

to  Llie  wheel-work  witliin  tlie  register,  and  sets  iu  molioo  the  indiOM 

of  tha  dialB  1 ,  2.  3.     The  vivnes  of  iho  roUtor  are  so  »djo»t«d  by  veiy 

BCcurnle  BiparimoulAl  trials  to  llie  inlemid  machinery  of  the  regitter. 

[whether  quickly  or  with  mere  HUernge-wsy),  tha  index  of  the  fint 

dial  will  LftVB  nrnde  one  complete  revolution,  the  index  of  the  second 

will  have  moved  tlirough  one  teiitli.  »iid  the  index  of  the  third  throogb 

■ubwqnent  mile.     By  tliia  me»n»  100  milea  can  he  reKistered  wilhont 

.              taking  in  the  tog.    Every  lime,  however,  that  the  course  is  changed  tha 

Fig.  1.                  Fig-  2. 

In    the    earliet   form,    (Fig.    1.)   the 

Q 

A 

Register    R   by    a   aliort    cord  C ;    tile 

i 

registering-box  w*«  Sut  on  one  side,  lliua 

1 

offering    the    beat    reaialanee    to    any           , 

K       tii» 

rotatory  motion  arising  from  frictioa  of      tf^f                 [M  ^^H 

the  swivolfl  of  the  line  wl>><:h  >tt>ched  it      fl  §  W                H  ^M 

to  tlie  Kolator.     In  the  ktest  forma  the        '        (                  JH  ^H 

'              '■QonioftliMid"    and    "Allnon"   No.    1. 

r     /W^M 

(Fig,   2.1  the  two  parts  arc  united  by  ft 

(HH 

central  shaft  on  whioh  the  Rotator  workt 

-i^V 

while  the   Register  remains  in  a   6xed           , 

Ji^ 

poailiun.     This  shaft  or   "arbor"   U  a 

/mSk. 

■lout     drawn     tube    and    is    rendered         ( 
unbondable  and  nubreakahlo  by  its  length          (, 

i       (^Br 

1      im^ 

and   the   luppf.rt  it  recoiwas  fnim  discs 

r       Im 

^^■^^^^^^H 

walkkr's  phtemt  ship-loo.                                   25T 

and  ponneqnent  liability  of  the  instrument  not  wholly  revolving  and      ^H 
failing   to   register  correctly.      A   Hoat.pkt*  P  ia  attached   whieh      ^^ 
preventB  the   Register  rcvolviDj^,  and  at  the  aiime  time  compels  tlis 
whole  compact  machine  to  travel  horizontally,  the  object  aimed  »t 

The  vanea  of  the  Rotator  are  curved  or  cycloidal  to  increase  the       ^_ 
freedom  of  the  rolalioo.                                                                                    ^H 

detached  and  the  RoUtor  only  hove  overboard,  the  Bcgister  beinn     ^H 
fi»«d  inboard.      Hence  they  are  called  hMard,   Taffmil,  or  fioom     ^H 
Logn  according  to  the  posilioD  in  which  the  Register  is  placed.     They      ^H 
thus  afford  the  advantage  of  facility  of  inspection  at  any  momcut      ^| 
without    hauling    in.       In    Maasey'a   '■  Inlmard   Log"  and   "  Dtcb 
Trofrail    Log"  the  Register  has  only   ons  dial  instead  ot  three, 

•erve*  the  dual  functions  of  a  diatonce-log  and  a  speed-guage.     On  lh«      ^H 
•liol  are  two  circles  and  two  index  bands.     The  inner  circle  is  divi<led      ^M 
from  1  to  100  nautical  miles,  and  gives  the  distance  run.     The  outer      ^H 
circle  i.  divided  into  60  parla  of  a  mile,  and  shews  the  speed  per  hour      ^M 
by    observing    the    nuiulier    of    these   60l.h   parte   passed  over  by       ^H 

K  hard  plaited  line  through  the  intervention  of  "  Iiion  "  u  "double      ^H 
lever  bar  loop  log  rsgalator  and  towiiig  hook  "  which  eeonres  a  very      ^H 
perfscl  delivery  of  the  Rotator's  revolutions.                                                 ^H 
Walker's   Patent  Ship-Lofirs,— The  logs  paUinted  by  ^^^ 
T.    Walker  and  Son  are  in  principal  and  general  appearance  much  ^^H 
the  Mma  ai  Muaey't.     They  differ  chiefly  in  the  torn,  extent  and  ^^H 

fitting  of  the  arbor  or  Bh&ft  which  comniaiucatea  Ihe  motion  of  the 
flanges  to  tha  indices.  Those  in  one  piece — the  whole  being  towed 
ul«ni— are  known  as  the  "  Harpoon  Ship-Log ; "  tUoie  in  which  the 
RotAtor  ii  detached  in  order  that  the  indicator  of  the  Register  may 
lie  read  on  deck  ars  diBtinguislied  as  the  "  Chmib  "  and  "  Soeku  " 
Shifi-  Log: 

3.  Liquid  Log.— Of  sucli  it  Napitt'»  Praturt  Log,  patented  faj 
Mr.  J.  R.  Kapler.  The  rate  of  the  ship  is  indicated  by  the  height 
of  a  uollunn  of  watorpreiwed  up  in  a  tube  [irojecting  about  six  inche* 
thmu^li  the  keel  and  high  enough  inside  to  be  read  with  ease.  The 
tube  i«  closed  at  the  Imttom,  but  near  the  bottom  a  hole  placed  in  the 
direutiou  of  tlio  ihip'a  Iww  admits  the  water,  the  level  of  which  is  the 
•ame  in  the  tube  and  outside  the  vessel  when  stationary.  But  when 
the  slitp  is  under  way,  the  pressure  exerted  throngh  tlie  hole  caosas 
the  w;Lterto  rise  in  the  tube  ami  the  heightoftlie  water  becomes  greater 
■a  the  speed  inci'eaaea.  Tlie  height  of  the  column  in  the  tnbo  varies 
with  the  speed  of  the  ship,  and  can  be  uieaaured  either  dir..-ctly  on  a 
acftlu  by  a  float,  or  on  a  dini  by  an  index  connected  with  the  doat  by 
a  strins  passing  over  a  pulley. 

Log-book.— Tlie  official  record  of  proceedings  on  board  ahip, 
deriving  its  niune  from  its  conloiniug  the  tniportaat  register  of  the  1(^ 
iudicatioua.  It  is  strictly  a  journal,  each  page  being  ruled  for  one 
day.  In  the  merchant  service  it  is  still  the  custom  to  begin  the  day 
At  noon.  In  the  Royal  Navy  tlie  time  is  reckoned  as  on  shore,  fmm 
midnight,  and  the  hours  carried  on  to  13  or  noon,  and  then  to  13  or 
mirlniyht  again.  A  (orro  is  authorized  for  use  iu  Her  Majesty's  NaTj. 
log. — The abbreviatiou of  Uiffarilhm,  as  log.  N.  log.  ain.  a,  Tables 
of  tlie  logarithms  of  the  trigonometrical  ratios  give  the  actual  kg- 
Rtithmt  inf  r«wed  by   10  in  erder  that  the  ii 


afatgfM^k 


cliarautei-Ulict  may  be  avoided  in  the  work  of  computAtioii.  Thui, 
Ukh,  log.  sill  a  =  log.  lin  a  +  10,  tab.  log.  lisv  a-  log.  huv  a  +  10.  To 
»void  all  confusion  the  large  iuititil  letter  L  inaiy  with  luivantage  ba 
OMll  for  tAb,  log,,  the  abbreviation  li^j.  being  restricted  to  signify 
the  actual  Ingrttithni.  Thua,  log.  sin  a  =  L  sin  a- 10.  log.  hav  a^ 
L,  hav  a  -  10, 

ZiOSarittunB  (Gk.  Xa7.2r  apiatidi,  "the  number  of  ratios."  i.e. 
tlic  number  of  times  an  iiicreiuiB  ii  made  iu  a  certain  ratio  when 
kpproxiniating  Ut  a  given  quautity),  — De/inil'wn. — The  logaritbm  of  a 
number  N  is  the  value  of  i,  which  Balisfies  the  equation  a  =N.  whet* 
aUHimegiven  number,  and  iscalledtbe  Base.  The  logarithm  of  N  to 
bam  a  is  written  log.a  N.  E.ample.— If  n  be  10,  the  logarithm  of  lOO 
u  2,  and  that  of  1000  is  3,  and  tliat  of  any  number  between  100  to 
1000  will  be  greater  than  2  and  lesatban  3,Bothat  it  may  be  represented 
by  2  and  a  fraction,  the  traction  being  indicated  by  a  decimaL  The 
integral  part  of  a  logarithm  Js  oaUed  the  CAaroeferufic  or  Index,  and 
the  decimal  giart  IheJiaHtuta  (L.  over- weight).  Whatever  positiT* 
rolae  diOerenl  from  unity  we  give  ton,  it  in  possible  to  find  the  value 
ofz,  oorreapoDding  toall  valutis  of  N,  i.e.  to  find  the  logaritlinia  uf  all 
tnunbrm  to  the  bftse  a.       These  can  theu  be  registered  in  taLIea  for 


LogaiithmB,  Computation  by.— The  use  of  logarithm! 

greatly    facilitates    long   cul eolations,    for   by   the   aid  of  a  table  of 
logaritlmis   (I)    Mulli/iliciCiun   may   be   performed   by  addition,    (2) 
rfnrinttn   by  aubtraction,    (3)   iavalullon   by   multiplication,    and    (4) 
•oo/hJioii  by  division.     For  let  N  aud  N'be  any  two  numbers,  xandz* 
'    tiieir  logarithma  to  buse  a.     Then  u'  ~  N.  it( '  —  N' 
.■.N.N'  =  Q'  X  a^'^a.-^y 
bydst.  ic  +  «'  =  bg.«N.N' 
^  S    2 


260  8T8TEMS    OF  LOOABITHMB. 


.-.  log.a  N.N'=log..,  N-f  log.a  N' '  .     .    (1) 

N  __    Cl-r     _  , 

N'     "S^' 

N 

X-3lf=\og,a   -«. 

.-.  log.a  Z_  =  log.a  N-log.«N' (2) 

/«:=log./i  N/ 

.'.log.rt  N/ =:jp  log.a  N        (S) 

i.  £ 


a; 


-      -    log.a       ^N 


W 


The  logarithms  of  the  numbers  N  and  N'  are  found  in  the  tables,  and 
the  operation  of  addition,  subtraction,  multiplication,  or  diviaion,  aa 
the  case  may  be,  performed  ou  these ;  the  result  is  regarded  as  a 
logarithm,  and  then  the  tables  conversely  used  enable  us  to  find  the 
number  corresponding  to  it.  This  quantity  is  the  object  of  oar 
investigation. 

Logarithms,  Systems  of.— In  the  equation  a'  «>  N,  a  may 
be  any  positive  quantity  different  from  unity.  There  are,  however, 
two  systems  of  logarithms  which  posses  peculiar  advantages,  called 
after  their  inventors,  Napierian  logariihms  and  Brigfft^  logaritkmMm 


1,  III  the  Nupieriau  8f  aUui  thebue  itir,  which  repreBentH  the  incom- 

-"•"•""■"•""■""+'+n2+n4r3*irs-4+ " 

2.7182S1S Thii  U  »  convenient  base  tor  ftaalytioal  porpoaea,  and 

i*  applied  in  £lie  actual  calculation  of  lugarithuiB.  Thus, 

log.f  N  —log.n  N  Itig.t  a 

..log.-'  N  =  ^— —  log.,  N 

Hence  to  find  the  logarithms  to  base  a,   the  Napieriui  lo^rithmi  ai 

nialti plied  by  the  qiianliiy,— ■       Thia  (luantity,  whioh  is  easily 

log.,  " 
calculated,  i»  called  theminluliin  [L.  "measuro  ot  proportion.") 

2.  In  BriggB'  logarithms  the  baae  is  10.  the  same  ah  the  base  ottha 
ooniiiion  system  of  notatiou.  The  great  advantage  iil  tliia  Bystem  ia 
tliat  the  name  decimal  part  aeivea  lor  the  logaiithliiB  'A  nil  nuniben 
whiuh  differ  from  one  uouther  only  in  the  position  of  the  place  of 
ntiJts  relatively  to  Iha  Bigtiificnnt  digit*.  X.et  Log-.o  N  =  rt  +  ni,  whew 
e  is  the  characlerislio  or  iutegriJ  part,  and  m  tho  muiiliwui,  or  decimal 
part.  Then  N  x  l(tf  wiU  be  a  whole  uuinber.  hiiviii^  the  same 
aignjficaat  digits  as  N,  but  with  ita  unita'  place  leniuved  p  place*  to 
the  right.     Then 

log.,,  (Nxl(l|t)=log.,„  N  +  log,,,  IIV  =(r  +  /j]  + 
which  hu(+j,  for  ita  characteristic,  and  the  same  niiiiititsn  mMlog.,, 


N.       AgBiii— -.  will  be  a  decimal,  having  the  sanit  si^iiiilicant  digits 
as  N,  but  with  iu  place  of  unita  removed  p  plncrit  lo  the  loft.     Thea 

»ooordiaga"Tjry-   >  or  <  than  I,      In  tli 


'l^"'''8-..{K'<10V)  =  log.,.NH<.g,,pl(l-/-    j  JI'/J^b" 


lilf 
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the  logarithm  be  expreasn!  so  tliat  the  character iitic  oulj  is  oegaitive, 
the  m<>.itiBB»  is  the  aunefts  that  of  log. ,  .K.     H.nco  in  Ubl™  <.(  theM 

litic  is  equal  to  the  number  of  plncoB  (ram  the  unite'  place,  wliicb  ia 
not  ineludeJ,  to  that  of  the  most  important  digit,  positive  or  negatire 
according  aa  the  number  itselF  U  greater  or  leas  than  unity.      Whore 
the  two  p&rtH  of  the  logaritlim  are  of  different  signs,   the  negaliv* 
dgn  is  placed  above  the  characteristic  tbilB.  3'26S746.  Goodloguitbiiua 
tables  are  luuallj  oalcnUwd  for  4  or  6  digits  ;  but  the  addition  o( 
auxiliary  tables,  culled  tnhlr*  of  yrop'.tiional  pirU,  fumishea  an  B>«r 
means  of  finding  the  logarithtnB  of  nufcbers  cotisUtmg  of  more  tiM 
this  number  of  digiU. 

Logarithma  of  Trlgonometpical  Ratios. -Tables  of 

these  locarithniB  are  used  in  nenrlf  every  problem  of  navigation. 

Example—    Sin    30^  =i  =  -S/.log.  sin  30" -"l '608970!    the  Ubular 
logarithm    is   9'698tn0.       When,    therefore,    one  of  these  tabular 
looarithmB  is  used  in  any  problem,  the  result  must  be  corrected  by 
the  subtraction  of  10,     A  convenient  custom  (which  we  hope  to  see 
mora  genemUy  adopted)  is  to  use  the  large  letter  L   to  indicate  the 
tabular  logarithm,  while  the  abbreviation  hg.  is  restricted  to  lignifj 
the  actual  logarithm.     Heuco  log.  sina-Lsina-lO.     Thea<inntAg« 
of  this  rule  in  obviating  all  coofusion  will  be  oppureut  in  rerluciiig 
k        formulm.     Bxample—                                                                               1 

.-.  log.  I 


ig,  o  +  (LHna-10)  +  (Ltan*-10)-log.  i  +  (Lieafl-10) 
=  log.  u  +  (10-  loi;.  /i)  +  L  »in  a  +  L  tan  *  +  L  bbc  ^-40 
=  lrig.  a  +  ar,  co.  log.  d+L  sin  o  +  L  tan  •p  +  L  nee  3-4a 
Of  the  tame  nature  m  the  table  of  log-aiiiu,  log-Kcanla,  etc.,  in  iha 
TaliU  tif  Loff-hat-ertinfa.  The  Ing-hureraine  of  an  arc  ia  the  wine  a* 
the  "  lug.  of  the  square  of  line  of  half  the  nrc,"  and  this  ia  somotitDM 
the  hwding  of  the  table.     Sinae 

hav  a  =  «n'-s- 


log.  h»T  a=  2  log.  ain-^ 

LhftTa-10=2(LBiu  g^-IO) 

.■  L  hav  o— 2  L  ■in-TiT  - 10. 

2.  Table  o/  yalural  (Viina.— This  table  ii  used  with  advantaga 
when  an  angle  or  arc  in  required  to  the  nearest  seconil.  It  ia 
eonltmaCod  in  «uch  a  manner  aa  to  render  it  conveniently  available  in 
logarithmic  computations.  To  avoid  the  introduction  of  negiitiv* 
flharactemtio,  every  versine  is  uiultiplicd  by  one  million.  Exatnpla 
—Vers  60"-i  =  -3:  tab.  VBrB  =  -5xl,000,000  =  BOO,000.  Hero,  in  tbs 
■ppUoation  of  logarithms,  log.  vers.  GO°="l  ■698970,  but  log.  tab.  vera 
eO*=5'a!>S07O.  Whenever  one  of  these  tabular  verainee  i«  iise<1  il 
any  problem,  the  result  must  be  corrected  for  this  constant  factor  of 
the  tables.  For  an  example,  see  "  Auxiliary  Angle  A."  In  talcing 
logarLthme  of  tabular  versines,  the  logarithm  of  1,000,000  will  Appear  J 


tab,  vers  B=<vera  a  x  1,000,000 
log.  t»b.  verBo=log.  vers  a  + log.  1,000,000 


.-.log.  I 


a  =  log.  t 


Iiogarithms,  Proportional.— Lognritli  ma  amm^cil  in  tables 
for  nulling  llie  [iiurtli  tortn  of  a  propurtioD,  of  whicb  the  Gnt  term 
(the  grooteol)  a  a.  oomtout  quantity.  Let  A,  a,  t,xhe  the  (our  temu. 
of  tbe  proportion  of  whicb  it  is  required  to  find  x,  Sinus  x=  —r-  , 
by  cominou  lognrltbraa  we  have 

log.i  =  log.a  +  log,c-lug.  A    ....     (1) 

Here  four  iuspstitions  of  tlie  table  ore  ueE^ssary.  ami  oiio  ndilitioti4lul 
die  subtraction  are  required  ui  the  calculation  Butinsteitdofa,t»bW 
of  cunimon  logarithma,  a  special  table  may  be  fumied  for  tbe  coDBUUit 
A,   which   requirpa  only   three   inspections  and  one  addition  in  the 

calculatiou.      In  ciiiiatioD  (1)  change  t!ir  Btgns  and  add  log.  A  to  each 

.-.log.  A-|.)g.  3-=log,  A-log.  ti  +  leg.  A-log.  f. 

Or  if  WB  establiah  tbe  definition — the  logarithm  of  A  diminished  by 
the  logarithm  of  any  oUier  number  less  than  A  is  the  propovtioual 
logarithm  of  that  number — we  have 

prop.  log.  ic=piflp.  log.  a-t-prop.  log.  c. 
Proportional  logariUims  are  as«l  for  iiitcrpoUting  iii  the  tables  given 
in  the  "  Nautical  Almanac."  Thus,  let  it  t>e  required  to  fiod  the  lime 
oorresponiliiig  to  a  luoar  diatituL-e  found  from  on  observslion :  The 
"  Nautical  Almanac  "  gives  two  distances,  with  the  dalo  of  each  three 
hour*  apart,  between  wliith  our  distance  lies.     Here  A  =  .'iii  ,   r     rlii. 
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ioterval  frum  tlie  first  ilate  to  the  ilate  oEourubaei'viitiou,  e  thechsiigs 
of  diatMico  in  3\  x  tho  change  of  diatnlioe  in  the  interval  n.     Then, 
&■  we  wmt  lo  find  a,  we  hftvo 

prop,  log.  <i=prop.  log.  i-prop.  log.  c. 

c»U«d  Iha  TiMe  »f  Propoftioaal  LogarMmi  ;  but  tliero  nro  other 
table*  of  pruoieely  the  aama  eliaraoter.  am!  we  ahull  Dotioa  them  all 

for  evtrj  |h  .     Tables  are-  coiiBtructed  (or  eacli  of  these  tiisei  and 

1.  Greenwich  Date  Logarithm  for  Sim, 

A  =  »J'i  .     The  liignrithm  of  H40  (the  number  of  miunles  in  24''  )t, 

leaa  than  241<  ,  ia  caUed  tlie  (ireeuwieh  d&te  logarithm  for  siui  "  for 
that  period. 

2.  Qreeowlch  Date  Logarithm  for  Moon. 

A  =  I2h  .     The  logarithm  of  720  (the  number  of  niioutes  in  ISh  ^ 

tcM  than  I2ii  ,  U  called  th«   "  (ireei.wjch  date  logarithm  for  moon  '> 
1       for  that  perio.l. 

1                            8.  Proportional  Logarithm. 
L          A=3)i  .     The  logarithm  of  lOSOO  (the  iiutiilK^r  of  e«con<U  i[i  3h  ), 
^^^^(Uwd  by  the  togurithm  of  the  number  of  aocotida  in  any  periott 
HhHKIb  V>  ,  ia  caUed  tlje  "  proportional  logarithm  "  for  that  period. 

-1 


4.  Logistic  Logarithm. 

A=lh  ,  ThH  lognrithm  of  3600  (the  number  of  •& 
dimitiuliad  by  the  lugurillim  of  tlie  number  of  secoodi 
hu  than  l*<  .  is  called  the  "  logiitio  log&rithm  "  for  that  period. 

TliH  tables  are  not  Dow  of  much  prsclicnl  utility  in  eontequeiioe  of 
the  impioviMneiit  in  the  arrangement  of  the  "  Nautical  Alminftc." — 
See  Interpolation- 

"  Logarithm  Difference.  "—Under  this  heading  is  tabuUud 
in  same  works  on  navigation  o.  iiumitity  used  in  one  of  the  metliods  of 
"  clearing  tlie  ilJHlancu  "  tn  finding  tjie  longitude  by  a  lunar  obaervatioo. 
If  m  and  «  be  the  true  altitudes  of  the  monu  and  other  bodj  of  tt^_ 
«baarT>tion,  m'  and  »'  their  apparent  ultitudeB,  then  ^H 

"Log.   diff."  =  log.  ^^"iL  H 

=(Iog.  cos  IB  +  log.  COB  »)  -  (log.  COS  lit'  +  log.  COS  »*) ; 
hence  tlie  name.     Roper,  Table  73. 

Loagltude  (L.  lomjiludo,  "  leugUi ").— Fee  Longitude  and 
Latitude. 

Longitude  of  an  Observer. — The  longitude  of  an  observer's 

place  ou  tlip  aarth"B  surface  is  the  arc  of  the  equator  intercepted 
between  the  first  meridian  and  the  meridian  of  the  observer.  Or, 
which  is  the  same  thing,  the  angle  at  the  pole  conl&ioed  between  two 
meridians,  the  one  passing  through  a  fixed  conventional  place  of 
reference,  tlie  other  through  the  station  of  the  observer.  Longitude 
ll  measured  from  the  first  meridian,  and  is  reckoned  eastward  and 
westward  either  in  arc  from  0  to  ISO',  or  in  time  from  0  to  12><  ,  This 
method,  however,  gives  rise  to  confusion  and  ambiguity,  and  it  would, 
be  more  systematic  and  convenient  if  we  were  to  raokon  longitt 


■v^^M 


inTariably  weBtward  from  tbeir  origin  round  ths  whole  circlg  from  Oi| 
to  360'  (f  0'  or  0  to  SlIi  0'"  (M  .      Longituds  and  latitude  i 
«o-<)Tdinat«B  for  definiiigthe  poaitions  of  pljMses  oa  the  earth'i  lurfnee.  ^ 
—See  Longitude  and  Latitude. 

Loneltade  in  Arc,  »id  Longitude  In  Time.— The  cKith  ^ 

rotfttes  iiQiformly  on  her  anis  ones  ill  24  hours,  nud  tbiia  every  ipot  ( 
her  aurfuce  describes  a  coiupletu  circle,  or  3G0°,  in  thiit  npai: 
Hence  the  longitude  oF  any  place  ia  proportional  to  the  time  theeartli 
takes  to  revolve  through  the  angle  between  the  firat  meridiio  and 
the  meridian  of  the  place,  and  thua  the  longitude  ol  a  place  may  ba 
expreued  either  in  arc  oi  in  lime.  In  reckoning  by  arc  each  degree 
U  diviited  into  60  minutea,  and  each  minute  into  GO  aeconda.  In 
NoicDning  by  time,  each  hour  is  ainiilArly  divided  iuto  60  iiiiiiutes, 
and  each  minute  into  60  lecDiKlB.  But  a  diatinot  iiotntinn  for  eioh  of 
theaehaa  been  adopted,  depees,  niiuutea,  and  aeconds  being  represented 
by  *  ",  and  hours,  ininiitea,  and  aecood!!  by  h  m  i  ■  md  care  abuuld  be 
observed  not  to  uie  the  aalne  inarka  foi  both,  great  confuajon  ariaing 
from  a»  doing.  Longitude  in  arc  sod  lonjjitnde  in  time  are  easily  ■ 
i)onvertil>]e,  fi.r  aiiico  3(i0'  is  equivalent  to  24ti  ,  15°  ia  eiioiva: 
Ih  ,   l''lo4m,  and  T  to  4»  . 

Longitude  (TerroBtrlal),  Circles  of— Great  Cirdee 

terrestrial    sphrre  puising  through  the   po!ea  of  the  e<|iiator,  and  mI 
called    becaase    they   leverally  mark   oat  nil  places  which  hav 
■wne  "longitude."     Tbey  are  slao^  aitil  geutratly,  called  "  JIttridi 
because  [or  every   plnce  on   the  eame  cirdt  it  ig  ooou  Hiiiiultaneonalj'.lB 

—See  Co-ordinates  for  the  Terrestrial  Sphere. 

Longitude,  Difference  of  (;.bl.reviated,  diff.  long.).— TUl 
liifrereiiw  of  lon^jitiidu  between  two  pUcen  is  the  bic  of  the  eiuatorj 
intercejiteil  between  their  lueridiiiis. 


p*^^^ 

Longitude,  Difference  of.  In  Time.— The  diffoimcs  in 
longimdo  between   two  pluoeB  u  shown  by  the  poUr  angle  belween 
their  moridiMii.     Thi.  i>  commonly  oaUed  the  Mtridiaa  DieUinet,  uid 

tims  ahown  by  &  chronunieter  nt  the  two  places  in  suoceiaion.     The 
error,   having  been  determined  by  obaervWion  at  the  first  station,  is 
oorrected  by  the  rate  of  tha  <:htuQauieUjr  tor  the  iuterval  between  Uiia 
and  an  obaervatiun  for  the  error  at  the  second  station  ;   >u  that  the 
difference  of  the  errors  on  the  local  meau  time  gives  accurately  tha 
diffareuce  of  longitude   in  time   lietween  the   two  places,   or   their 

difficulty  of  the  problem  is  how  to  treat  the  variations  of  riitc  between 
The   various   methods  proposed    will   be  lonni)   fully    lUicuued  ^^^| 

Iiongitude  ftotn.— The  tou^'itude  of  the  place  sailed  from.   ^^H 

Longitude,  bo^v  found.                                                ^^^| 

I.  IN  GEO.NAVIQATION.                             ^H 

The  latitude  and  longitude  at  the  prccMliiig  noon  being  giv^^H 

together  with  the  •IJatance  nm  niirl  the  course  initdri  good  siiiov,  <^^^| 

the  latitude  in  having  been  first  found  by  the  aid  nf  thf  relatimi!  "^^^1 

diff,  Int-^dist.  xcos.  course;  the  "longitude  in  "  may  he  foiuiit-J^^H 

^ffith  a  table  of  Mrrldioiml  /''ii-Im,  whi(^h  giv<»  the  .i.eridia.ial  dil^^H 

m:—          m 

1                                Ditt  long.  =mer.  diff.  lat.  x  tan  course. 

.-.log.  diff.  h»g.=\>ig.  mer.  diff.  lat.  +  L  tan oourae- 10. 
Or  (2),  By  "middle  Utitudo."  from  the  (ormulm 

dep,  =truB  Uifl.  lat.  >;  tan  conrae.  \ 
diff,  long.  =c1ep.  H  lec  mid.  Uc.               / 
,-.  log.  diff.  long.  =  log.  tr.  diff.  lat.  +  L  tw  ooniw 
^^                                               +L.BCmid.  Ut.-20. 

^^^H[  B;  "  iogpection  "  from  tile  Travene  Tabl«. 
^^m              Slice  di.t.  =  dop.  xooKocourae 
^^"                  diff.  long.  =dep.  V  wo  mid.  l.t. 

if  lt>t<  Traverao  Table  be  outsred  with  the  given  dejittrtHro  and  wilt 

poudiug  wiU  be  the  diff.  long,  nearly. 

H.— IN  CELO-NAVIGATION. 

mean   time   at  the   first  meridinn  and  the  mean  time  at  the  placB. 
When  the  time  at  the  place  i>  the  greater,  it«  longitude  is  E,  ;  when 
it  u  the  l(HB,  ita  loiigitude  a  W.      Hence  the  problem  oF  finding  tha          ' 

alion  oF  the  mean  time  at  the  station  ol  tliti  observer— the  navigator's 
"«hip  meui  lime."  which  we  indicate  by  the  leltors  S.ALT.  ;  and 

uulanee  that  of  Green wieh.  which  we  indicate  by  tha  letters  G.M.T. 

■olTing  tha  two  parti  of  the  problem. 
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First  Pakt.— DxTEiuaNATiOK  of  S.  M.  T. 

(I.)  One  Altitude. — ^The  observation  of  an  altitude  of  a 
heavenly  body  enableit  us,  with  the  assistance  of  the  known  Utitudt* , 
•nd  of  the  declination  and  other  elements  given  in  the  "  Nautical 
Almanac/'  to  compute  the  hour-angle  H  from  the    formula    [See 

Hour-angle}. 


L  hav H=:L  sec  (^+  L  sec  {-20+^  L  hav  {z+l  ±  d) 
+  4Lhav(2-7Td). 

The  body  observed  may  be  either— (1)  the  sun,  (2)  a  star,  or  a  planet» 
(3)  the  moon. 

1.  When  H  is  the  hour-angle  of  the  sun,  measured  westward  from 
the  meridian, 

S.  M.  T.  =H  ±  equation  of  time. 

2  and  3.  When  H  is  the  hour-angle  of  any  other  body  than  the  nm^ 
the  mean  time  being  known  approximately,  the  right  ascension  of  the 
mean  sun  may  be  found  by  adding,  to  the  sidereal  time  at  the  pre> 
ceding  Greenwich  mean  noon,  the  acceleration  for  the  Greenwich  date. 
Then, 

S.M.T=Ship  sidereal  time~R.A.  mean  sun 

=  H  +  R.  A  body  observed  -  R.  A.  mean  sun. 

[Before  the  subtraction  of  the  R.  A.  mean  sun,  24)i  may  be  added 
to  or  deducted  from  the  sum  H-hR.  A.  body,  as  the  case  may  require.] 

(II.)  Tvsro  altitudes.— The  time  at  the  ship  for  the  middle 
time  between  two  observations  for  obtaining  the  latitude  ("  DouUtt 
Altitudes  ")  may  be  found  by  an  extension  of  Ivory's  method  proposed 
by  Riddle.— See  Latitude,  hOW  folUld;  (II.)  (Ul.)  ii. 


Sbcosd   Part.— Detkbuination  c 


There  are  two  distiuct  metlioda  of  finding  the  G.M.T. 


(I.)  By   Chronometer.— The  error  of  the  chronometai 
O.M.T  >t  R  given  date  and  its  rale  being  known,  we  Ihence  fiad 
G.M.T.   corresponding  to  tba    iuetant  when  the  observation  is  taken 
for   ileterminiog   the   S.M.T.      This    ia   the    most   oi 
luanl  method  of  linding  the  bn^atude  at  sen.  — See  OhFOnometer. 

(11.)  By  Registered  Aetronomical  Phenomena. 
— These  (ihenoniena  tkke  place  at  the  aarne  absolute  poiot  of  time. 
Wherever  the  observer  is  stationed,  the  date  of  their  oocutrenca  in 
G.M.T.  ia  given  in  the  "  Nautical  Almanac,"  The  principal  of  ludt 
phenomena  are— {I)  Lunar  Diitanat ;  (2)  OeoiUalioiia ;  and  (3) 
SeiipiHt  ofjupiler'a  SaltlliUt.  The  only  cB<.e  of  this  method  whioh  ia 
much  nsed  at  sen  ia  that  by  lunar  diatances ;  it  requires  no  other 
inttrament  than  the  aeit&nt.  and  when  the  chronomeier  ia  at  fault  ia 
of  Tery  gnat  aaiistauce  to  the  uavigatur.  The  longitude  may  also  ba 
determined  by  finding  the  increase  of  the  moon's  R.A.  in  the  interral 
between  her  transit  over  the  first  meridian  and  her  ti 
meridian  of  the  observer.  This  ia  done  by  the  methods  of— (4)  Moon 
CutminiUiHg  Start ;  or,  (5)  The  Maoii'4  AUitiult.  The  former  of  tbeae 
uelhods  requires  the  nee  of  a  transit  instrument,  and  therefore  cannot 
W  used  at  sea.  We  need  not  notice  it  further,  referring  for  tho 
•Kplanation  of  the  principle  to  the  "  Nautical  Almannc  "  (Appcndii 
"Uoon  Calmiiiatmg  Stara").  The  Utter  of  these  iiiuthods  ia  s«i 
times  uaed  at  sea,  but,  though  it  may  occasionally  prove  of  servios, 
ihe  result  is  very  nttcertaia.  I'he  principle  is  simply  this— Fr 
•bMrved  altitoile  tlie  hour-angle  of  the  moon  i«  conipat«d,  and  tron 


1 

tha  ^1 
ken  H 
and      H 


this  together  with  the  S.M.T.,  h«rR.A.  U  obtftined,  and  then.  fin&Ily, 
b;  interpoUtion  in  ths  ephemerii  o(  the  moan's  R.  A.  mth«  "Nkntie^ 
AlmsiiM,"  the  O.M.T.  uorrespoodiiig  tothii  R.A.  mvf  b«  found. 

Weahall  now  further noti«ethe  Sr»l  three  methods  mentioaeil  of 
determining  the  longitude  by  finding  the  O.M.T.  from  the  aatron- 
omical  obserrKtioni. 

1.    Lunar  Ditlancet. — The  moon  hu  a  very  rmpld  proper  motion. 

Bometimea  KmouDting  to  16°  m  24  hours,  and  being  therefore  retuded 

-u  rsgardi  the  diurnal  motioD  nearly  an  hour  on  auceeaiive  days.     Her 

distance,   therefore,  from  the  sin,   a  planet,   or  bright  star  whith  liaa 

Id  or  near  to  her  path,   varies  very  perceptibly  in  short  int«rTaIt. 

The  "  Numica]  Almanac  "  contains  tables  ot   "  Lunar  Distance*  "  for 

every  third  hour  of  Greenwich  mean  time,  and  by  interpolation  the 

G.M.T.  correaponding  to  any  other  intermediale  distsnce  of  a  hiidy 

tabulated  may  be  found.       To  determine  the  lon^lode  at  any  statioD 

on   the  usrth'a   surface,    the  obierver   (electa   a  body   vho»e  lunar 

distance  on  that  day  ie   recorded  in  the'' Nautical  Almanac,"  the 

preference  being  given  to  tliat  boily  for  which  the  following  ratio  is  the 

,      ,   Dec  of  bodv  —  Doe.  of  moon  -      ,  .-    i    _  -a     ■     . 

least,  _-; — j^-—f — „-■     ■,- ;  a  simple  practical  guide  la  to 

B.A.  of  body- R.A.  of  uaoua 

take  the  prop,  log  ,  given  in  the   "Nautical  Almaiiuo,''  which  is  leut, 

because  then  the  body  concerned  is  altering  its  distance  the  fiiateat. 

He  ubiervea  the  diatiuice,  bringing  the  image  (darkened,  if  necessary] 

«f  the  brighter  □(  the  two  objects  to  the  other.  This  olitrval  distaoee, 

the  necesaary  corrections  being  applied,  gives  the  apparent  distance. 

From  the  apparent,  the 'rue  distance  lias  next  to  be  deduced.      This 

operation  is   called     "Clearing  the  Distance,"    and   its  solution  ia 

faeilitated  by  vsrioui  devices.— See  Lunar  Distance,  Olearlng. 


Tlie  true  diatoDce  being  thug  obtwneJ, 
''Nikiitical  Almuuc,"  und  tlie  G.M.T.  correaponding  tt 
It  l>j  the  method  of  intarpolition. 

Fnr  the  pnrpoaa  of  clearing  the  diBtuice,  the  altitudea  o(  the  tvo 
bodisa  have  to  be  olitained.  Thii  i>  done  in  one  of  two  wftya.  (I) 
Tbe  altitudes  mty  be  nbserfed.  at  the  game  momant  na  the  diatiiioe, 
by  two  saaiatant  obaervera,  uud  in  this  cose  oue  of  the  altitudei  may 
be  utilized  for  determiiiiug  the  S.M.T.  (*2)  If  more  coiiveDieat,  the 
kltitudea  may  be  comfnited,  tlie  S.  M.T.  being  auppoaflii  to  be  knuwo, 
the  eiror  of  chronometer  on  8.M.T.  having  been  asoertaineil  by  b'jiijc 
independent  nbaerratian,  Thia  uoin[)ittiitioa  may  be  coadui;t«d  thui : 
—If  H  bo  the  hour-angle  of  the  body,  U  ita  declinntioii,  and  (  the 
latitude  ;  then 

veraj=ve™(f+rf)  +  ver8S 


hilar  S=L 

and  log.  tkb.  i 


■a  ;=tftb.  \ 


:  +Lh*»H-20. 

■B  {1  +  di  +  ta.h.  vera 


From  the  zenith  diatnlice  :  thua  found,  the  tme  altitude  a 
Itnown,  and  hence  the  apparent  altitude  a'  {which  ia  alan  rci|uired)  !• 
deduced  by  inverting  the  correctioDB  for  parallax  and  refraction. 

2.  Ocmllaliont, — The  moon  in  her  monthly  revolution  round  the 
earth  passei  river  evtry  itar  or  other  body  lying  in  her  path.  The 
immei-tirm  of  the  >lar  behind  the  body  of  the  moon  and  ita  etnernan 
Are  inituituieous,  and  can  be  aicart«ined  without  the  uio  of  anj 
ti]  error,  lliese  plienomena,  tlirreforc,  afford  a 
na  of  determiuiug  the  longitude.  The  method  itiay 
be  uaed  al  aea,  the  obcervation  being  affected  by  uitana  of  a  cunimou 
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glwa.  The  motion  of  the  ibip  may  prevent  the  telescope  being 
kept  atoadily  directed  lo  the  moon,  but  the  coiueqneDt  error  in 
Botioiiig  the  inat&Dt  of  occultatioD  will  generally  be  inconBiderable. 
•  •iimrrii-ia,  when  the  mulrrn  limb  ii  d&rk,  will  be  the  uise  moat 
«w..y  nnd  distinctly  observable.  The  culcalalions,  however,  arelong 
r  and  tedioiu. — See  Mr.  Woolhouse'i  paper  in  "  Appeadii  to  Nanlioel 

Almanac,"  1830. 

I         3,   Ediptri  rtf  JapittrU  Salelliln. — The  trequency  with  which  theen 

I'MlipHSB  lecDr  and  the  easineu  of  the  olxervation  render  this  method 

■  UBunlly  nrnil&lile  on  ehore,      Tlie  diagrams  of  the  poaitiona  of  the 

Pplanel  and  ita  Butellites,  as  seen  in  N.  lalitudes.  uid  other  necessary 

IsfornuLtion.  are  given  in  the  "  Nautical  Almanac."    These  fignrca 

mint   be   reveised   in   S.    latitude.      In  taking  the  observatLOu  the 

following  points  should   be  home  in   mind  :— The  telescope  ihould 

:  a  magnifying  power  of  not  less  tlian  40.     The  sun  should  not  Iio 

than  a'  below  the  horizon,  and  Jupiter  not  Iobs  than  8°  above  it. 

observer  aliould  bo  ready  some  minutes  before  the  time  the 

Jlheiiomcoon  occurs,  which  may  be  fonnd  roughly  by  applying  the 

longitude  Viy  account  to  the  lime  given  in  the  "  Nauticul  Almanao." 

The  diaappearnncea  and  re- appearances  happen  on  the  Westem  side 

«f  the  planet  liefore  oppoaitioo,  but  afterwards  on  the  Eastern  side. 

An  inverting  telescope  reverses  this.     The  ^rat  Balellite  ia  prefemble 

to  the  othera  by  reason  of  the  greater  rapidity  of  its  motion. 

This  metliod  of  determining  the  longitude  is  not  very  accarnte^ 
*Fhe  cleameea  of  the  atr,  and  the  power  and  aportare  of  the  teloscape, 
■ffeci  the  time  of  the  phenomenon  ;  and  the  eclipse  is  not  iostan- 
tannins,  the  satelHtG  having  a  considerable  apparent  diameter  aa 
•en  fr'im  then  planet's  centre  and  a  penumbra  extending  to  a  sensible, 
tiiuuiili  small,  (listonce  beyond  the  shadow.     The  only  caio  in  which 
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be  truly  distiDguuhad  sta  the  "/«ni;fA,"  in  contnwt  n~iiJi  the  eximt 
mangured  from  tbia  oirole  either  way  to  jta  two  poles,  the  " breajlk," 
the  m^igriiliido  of  the  foniier  being  doable  the  whole  of  the  latter. 
Bat  thaae  tecniB  are  teulinicftlly  used  with  referaooB  to  a  particularly 
great  circle,  and  the  use  ia  not  the  same  with  regard  to  the  two 
spherical  surfiuiea  with  which  the  navigator  and  aatronomer  are 
ooaceriiaii.  (1)  With  respect  to  the  tarlli,  that  great  circle  is  choaeu 
whoae  pliktie  ii  perpenillculor  to  the  axis  of  rocatioa — the  Eijaatar. 
Tohiug  into  Mcount  further  that  the  earth  is  not  truly  a  apbere,  l>ut 
ftn  oliIiLta  ipheroid,  the  ti()ua|i>r  divides  it  into  two  luiifomi  part*, 
and  tu  It  nil  points  an  tlie  surface  hold  a  simikr  reUtion.  (2)  With 
reapei^t  to  the  hfiveia,  the  apparent  path  of  the  aim  naturalljr 
■ugguBla  itself  M  the  great  circle  of  reference,  and  bo  "  length  "  at 
the  liciivaus  is  reckoned  along  the  Brliplie,  and  the  "  brea,dth  '* 
perpeiiilicuUr  to  it.  To  this  great  oirclo  the  other  moving  haavenly 
bodies  pruBerve  the  most  uuifonn  relations.  It  ia  very  aaforCuiiate 
that  tlie  same  nomenclature  abould  be  in  use  in  geography  and  unno- 
grapliy  I'nrt  of  the  difficulty  thence  arising  may  be  avoided  in  tbe 
ewe  licfore  us  by  always  bearing  in  mind  the  meaning  of  the  worda 
"  longitude  "  and  "  latitude,"  and  that  with  express  reference  to  the 
terrestrial  spheroid  and  tbp  celcatial  concave  separately.  We  inoat 
b«  very  careful  how  we  conceive  a  conDootiou  between  the  ciroloa  of 
the  larrestrial  and  those  of  tlio  celestial  sphere.  Though  there  maj 
be  soiilo  correspondence  or  analogy,  there  is  not  that  connection  that 
at  first  sight  apiieara.  And  Itenca  it  would  be  well  if  we  could  uvoid 
describing  these  circles  by  the  sams  word,  at-on  though  tUia  ba 
qualilied  with  tbe  adjectives  "  terrestrial  "  and  "celestial;"  thaa 
we  coulil  wish  thnt  the  phrases  "  terrestrial  equator  "  and  "  cel«u&l 
equator"  fell  into  disuso,   and  ware  superseded  by  thu  simple  words 
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"Equator  "  uid   "  EquinoctuL"      These  luiawer  to  each  other  &i 
ths    "  meridiami "   >jid    "  cirelog    of  declination,"  but  there   ii 
eoantetion  between  them.      II  we  imagine  the  plane  of  the  e(|uato 
and  that  of  the  bovbitiI  roeridiana,  these  being  all  fired  ciro!ea  of  Iba  i 
••rth,  to   be  extended  till  they  cut  ttie  celestial  concave,  the  greab 
circles  in  which  they   interHect  it  will   tioC  be  fixed  circles  of  tha 
beaveuB,  but  revolve  or  sweep  over  its  face  diurnatly.     The  great 
wrote  corresponding  to  the  equator  (in  which  it  niual  lio  romemberoi  I 
ia  Bituated  the  origin  of  the  ordinates  reckoned  on  it)  would  revolrsS 
in  its  own  plane,  and  the  great  oirolea  corresponding  to  the  meridiaiw^ 
would  move  perpendioulaily  to   their    own  planes  with  tlie  doily 
rotation   of  the  earth.      It  is  evident,   then,  that  ttie  position  of  a 
point  io  the  heavens  cannot  be  defined  by  refetriDg  it  to  sach  (irsat 
circles.      Bat    great  circles  may   be    conceived   for    this     parposa 
analogous  to  the  above,  but  differing  from  them  iii  this— that  tbey 
remain  stationary  and  fixed  in  the    heavens,    quite    indspendeut, 
therefore,  of  the  geogntpliical  position  of  the  observer.     The  gre»t 
circle  of  the  heavens  which  thus  answers  to  the  equator  on 
i*  called   tha  equinoctial ;    and  the   great   circles  of   tlie    heaven 
perpendicular  to  it  and  answering  therefore  to  the  meridians  of  tl 
earth,  are  colled  circles  of  dectioation.     Arcs  of  these  cii'oles,  nsed  141 
co-ordinates  to  define  the  position  of  a  point  in  the  lieavciis, 
properly   not  called  by  the  same  names  (longitude  ftiid  latitude)  tl 
those  which  designate  arcs  on  the  oorreapondiag  uiiulea  uu  the  eartk^ 
•nrfuo,    but  have  tha  distinctive   terms  applied   t'>  them  i 
•aceasion"  and  "declination,"    This  is  well:   but  u'urae  coufutici 
baa    been    introduced    by   the  early  asLroiiuinerH   using  the   I 
"longitude"  and  "latitude,"  already  appropriated  by  the  geographe 
■M  of  altogether  auotbur  eystem  of  oo-ordiuatM 


•nd  that  to  desoriln  a: 
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ol  tha  heavens.  Their  reMon  for  their  choice  of  these  worda  i« 
explftijjod  ab"vn  ;  but  the  unlucky  dsvice  a  e.  souroe  ol  difficulty  to 
the  young  Bturiunl  kod  of  incoaveuieuce  to  all.  Sir  John  F.  W. 
Heraohel.  after  speaking  of  the  terma  in  their  Ujrreatrial  »en«e,  aaym 
on  thii  puiut ;  "  It  ia  iiov  too  late  to  remedy  thia  confuaioii.  which  ia 
engraftwl  into  every  eiiating  work  on  aatranomy.  \Vb  can  only 
regret,  aud  warn  the  reader  of  it,  that  he  may  be  on  his  guard  whao 
wo  shall  have  ootnBion  to  define  the  use  of  the  terms  in  their  nlalial 
tenK,  at  the  aame  time  uri[«ntly  recommending  to  future  writers  tfae 
mdoption  of  others  in  their  placea."  The  neceBiity  of  coinbiniug,  for 
the  moment,  terrestriii]  knd  celeitial  great  circle  co-onlinatas  ia  mat 
by  the  device  of  a  eyatem  ot  polar  cO'Ordinatea,  all  the  elomenta  of 
-which  have  reference  to  time.  The  initial  line  ia  the  "oeleattal 
meridian"  (or  "noon  circle"),  tha  rail  ins  vector  in  the  '■  lionr-oircle," 
and  the  polar  angle  the  "  hour-angle. "—See  Coordinates  for  the 
Surfttce  of  a  Sphere ;  and  Triangle,  Instantaneous. 

Longitude  and   Latitude  {Terrestrial).— <^ -ordinate! 

for  dtliDing  the  positions  of  place*  on  the  earth'a  aurfaca.  Lougitado 
IB  meaaured  on  tha  equator  from  the  interaection  of  it  by  the  firat 
meridiau,  and  it  generally  reckoned  eastward  and  westward  from  0 
to  180°  i  latitude  is  measured  on  the  meridiBna  from  the  equator  to 
the  north  tlia  aoiith  poles  f rom  0  to  90' — See  Oo-ordinatss  foi- 
the  Terrestrial  Spbere. 

Longitude    and    Latitude    (Oelestial).— The    eolipUo 

oo-ordinute'i    for    defining    tlie   iHiaitiouB   of  points   of    tlie    celeatial 
ooncave,  nud  indicating  them  relatively  to  Mob  other.     Loiigituri 
maaaured  OD  the  ecUptla  from  the  firat  point  ot  Ariel  Msttntrd  A 


to  360* ;   UtiCude  is  meaBure<l  on  circles  of  latitude  from  the  eulijitie 
both  ways  from  u  to  w.— »ee  C(M>rdinatea  for  the  Celestial  ^ 
Sphere. 

liOXOdromlo  Curve  (Xoiit,  "Blanting  "  ;  Spi^at,  '• 
"  A  curve  wbicb  cuta  at  a,  coostant  angle  nil  the  lines  of  curvatai 
«f  n  Burface  irhich  belong  to  one  uuiI  the  aamg  system."     This  ii 
general  defiuition.     A  particular  case  la  found  on  the  earth's  aurrooi 
in  the  R/iiiinb  rurv.  wliich  makea  a  constant  nogle  with  the  meridians  \ 
—See  Bqulangrular  Spiral  or  Rhumb  Line. 

Lubber's  Point. — The  mark  on  the  inside  of  the  eomposs-a 
itidiciitiu){  the  dirovtioa  of  the  ship's  heul.  When  tbe  boi  ci 
the  conipaaa  is  properly  fixed  'a\  its  place,  the  line  joining  the  aentn 
of  tbe  oompoea-card  and  the  lubber's  point  ia  fore-and-aft,  or  paralUI 
to  the  keel  of  the  ship.  The  derivation  ol  thia  compound  nor 
frequently  a'aubject  of  diacusaioii.  The  espresHiou  is  generolljrl 
connected  with  "  land-lubber,"  tbe  coiiteniptuous  name  sea 
for  any  avkward  clumsy  fellow  without  iotclligence  or  activity. 
Such  a  one  would  slavishly  require  the  aid  of  this  point  In  ateei-iiig, 
wbereaa  a  helmsman  who  was  a  seaman  would  more  truly  strike  n 
fore-and>af  t  line  with  bis  eye  ;  just  as  in  going  aloft  the  former  would 
require  the  "  lubber's  hole,"  while  the  latter  would  mount  by  the 
ftittock -shrouds.  It  is  best,  however,  to  fall  bock,  tor  its  significance, 
npon  what  is  doubtless  the  root  of  the  word.  To  "lob"  ia  found  in 
Shakespeare,  meaning  "  to  let  fall  heavily,"  and  tbe  old  Engllah 
"lob,"  Welsh  "llob,"  means  "a  dull  sluggish  peraoo."  Probably 
the  "lubber's  point"  was  originally  called  the  "f(i^-/win^"  In  tlio 
-earliest  atimuth  oomposees,  there  were  four  of  the«e  amall  black  Unco. 
«arr«aponding    to    the   quadrontal    division*   of  the  circle,   whioh. 
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rcmniiied  fixed  with  the  ship,  while  tba  compftsa-card  kppeafed  w 
move  in  a  lively  mOinDer.     Tbti  Card  wsa  then  BigaiCcuitl;  called  t^ 

"  Fly  "— Stje  Oompaas,  Steering. 

Lunar  <L.  luna.  "thenKHw").— Fertainiog  tolbemoon.  Thw 
we  Ii&va  tlia  Linmr  ilnnth,  the  Luiiar  liaij — portions  of  time  defined 
by  the  motioiiB  of  the  moon  ;  Lunar  EcHpaa,  Laaar  Dudincr^,  et«. 

Lunar  Distances. —The  moan  having  a  very  rapid  propc- 
motiOD,  lier  diatuice  troin  utJier  bodies  which  lie  in  her  pstli  v&n«s 
very  perceptibly  in  short  iotervala.  Heuce  these  dUlnncoB  have  boen 
made  the  foimdAtion  of  one  of  the  moat  important  method*  of 
determining  tbe  longitude  at  sen.  [See  XiODgitUde  ]  In  the 
"  Nautical  Almanac"  are  regietereil  for  every  third  hour  of  Givecwich 
menn  time  the  angular  dialancea  of  the  uidod'b  centre  from  certain 
bodies,  lacb  as  they  would  appear  to  an  observer  at  the  ceutre  of  tbe 
«rtb.  When  a  lunar  diat&uce  bas  been  observed  at  any  ataijon  oa  the 
■urface  of  tbe  earth,  aud  reduced  to  tbe  centre  by  clearing  it  of  tbe 
etfHcM  of  parallax  and  refraction,  the  llreenwidi  mean  time 
oorresponding  to  this  true  diitimce  can  be  found  from  tbe  tables  by 
the  method  of  interpotation. 

In  obearving  a  distance,  the  general  rule  is— Bring  the  tniag* 
(darkened  by  shades,  if  necessary)  of  the  brighter  of  the  two  to  tha 
other  objeot  seen  directly. 

Lunar  Distance  Bodies.— bodies  whose  distances  fram  tb* 
moon  are  cakiilalecl  beforehand  and  tabuhtted  in  the  "Nautical 
Almanac."  pp.  Hit. — xrill.  of  each  month,  for  tbe  deteiminatloo  of 
tbe  longitude.  They  are  fourteen  in  number,  vii: :  the  sun,  the  fonr 
planets,  and  nine  fixed  stars. 
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1.  The  inctinatiDQ  of  the  moon'ii  orbit  to  tbat  of  the  earth  ii 
About  ii'  9' :  heiioB,  the  moon's  Intiiiiiie  never  eiceetU  Ibis  amouiit  N. 
or  S.,  end,  &[tbongh  her  actual  path  ia  the  heavens  iaa  verytrreguUr  I 
curve,  she  is  eJwa;a  to  be  fouijd  within  a  belt  of  about  10'  IS'  broad  [ 
which  is  bbect«d  longitudinally  by  the  ecliptic.  Of  the  four  plan 
used  in  lunnra,  the  path  of  VeuuB  has  the  greatest  inclination  to  the 
ecliptic,  viz:  about  3°  24';  hence  all  these  bodies,  are  found 
always  within  this  belt.  It  was  a  belt  of  this  kind,  8"  or  0°  on  each 
tide  of  the  eoliptic.  that  was  called  by  the  ancient  astroaoinera  the 
Zodiac.— See  Zodiac. 

Referring  the  suu,  moon,  and  pUnete  to  the  equinoolial.  The  I 
obliquity  of  the  ecliptic  being  about  33°  27',  the  sun  is  always  found  [ 
iu  a  zone,  4G*  54'  brood,  bounded  by  the  tropics ;  the  moon  Is  alwaya  I 
found  in  a  tone,  57°  14'  broad,  bounded  N.  and  S.  by  the  parallels  of  I 
declination  2M°  36'  (23°  27°  +  5°  0') ;  and  the  four  planets  ure  also  well  I 
within  the  same  eodb,  Of  the  fixed  stare  used  in  Ulnars  only  one,  I 
Fomalhaut,  liaa  a  declination  slightly  exceeding  30'.  We  niay  I 
therefore  oonsider  that  all  the  lunar- distance  bodies  are  comprised  I 
within  on  equatorial  zone  60'  broad. 

Id  the  scoompanying  chart  we  have  given  the  regions  of  lli»  I 
heavena  from  the  equinoctial  to  45°  N.  and  to  45'  S.  declination,  thn*  1 
comprehending  a  zone  of  90°  broad.  The  lunar- distance  zone 
brood  is  shaded  horizontally :  and  in  this  the  ecliptic  ta  drawn  with.  I 
ita  accompauying  lunar  and  planetary  belt  of  about  10°  broad,  shaded  1 
vertically. 

2.  The  motiona  in  right  ascension  of  the  bud,  moon,  and  plaDCta  1 
u«  all  tubject  to  irre^laritiea  ;  lint  the  change  in  the  moon's  rigbb  1 
aaceniion  ia  much  mora  rapid  than  that  of  any  of  the  other  bodi« 


that  have  k  proper  motion.  Hence  the  admisiibility  of  the  i 
phuieta  M  lunar- distance  bodiet.  A  gener&l  idea  of  Che  n 
motion  of  the  moon  to  that  of  the  lun  will  b«  beat  abtAined  b; 
comparing  their  aidereal  pariuds.  The  moua  completeB  a  revolatioD 
gf  the  ccloBtial  concave  in  a  Sidereal  Lunar  Month,  the  mean  length 
of  which  is  27 '322  mean  aolar  days  ;  the  sun  completes  a  revolution 
of  the  celestial  concavs  in  a  Sidereal  I'nir,  the  mean  length  of  which 
is  305 '256  days.  The  proper  motion  of  the  moon  in  the  heavens  is 
therefore  about  13^  times  more  rapid  than  that  of  the  sun.  To  guard 
against  coufuaiou  it  is  important  that  the  student  should  remark  that 
»  complete  sidereal  revolution  is  here  called  in  the  case  of  tli*  bud  a 
"year,"  and  in  the  case  of  the  moon  a  "month." 

In  the  chart  we  have  wBerted  the  sun,  @,  in  the  autumnal  ec|Dinox 
'<a^  R.A.  1!>>  ).  and  placed  the  moon  and  the  planets  in  their  proper 
positions  for  this  date,  September  22nd,  1882.  The  moon,  Q,  is  two 
days  aft«r  her  first  quarter,  in  K,  A.  a  little  after  20h  and  declinatioa 
-about  8.  15'.  The  ptauetB,  q,  "re  plated  according  to  their  positioni 
lor  September  22nd,  1B82,  given  in  the  following  table  :— 


Symlnl. 

Infenor  Planet  ...    Tenus     9  .. 

( Mars      i  ... 

Superior  Planets     J  Jupiter  U  ... 

rSaiorn  h  ... 


InclinatioD  R.A. 

.   3"  23'  _  Uh  52>n 

1*  51'  .,.  13>i  20" 

,    1*  Iff  ...     6I1    in 

.    2*  Sff  __    St  3:» 


.  -  I9*4ar 
.   -    S'Sff 

,  +  sarsy 

.   +  18*  »■ 


3.     /Va«(f£'Mr(.— The  fixed  start  nsed  as  lunar-distance  bodiesam 
he  nine,  particular!  of  which  are  given  in  the  following  table.     Thej 

re. inserted  in  tlie  chart  and  distiiiguislied  by  the  symbol )(. 
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Mjg. 

R.A. 

Dk. 

1.   {  Hamd)  a  Aiietit 

.      2 

..      21.    0"36> 

..  +  22°  54'  32" 

2.   JWiAaran  (a  Taori) 

1 

..      4h  as- 13« 

..  +  10-  16'2r 

.  1.2 

..      ThSS"   B« 

..  +28"  18' 22" 

*.   SeguluA  (o  LoonieJ 

.  1.2 

..     lOh    2ni   7' 

.  -(-is-ss-ar 

5.   S/'ira  (a  Virginia) 

1 

..      I3h  ]9m    1. 

..  -  10"  32-62' 

6.   Jn/arei  (a  .Scoi-pii) 

.  1.2 

..     16h  22m  13« 

.,   -26M0'U'' 

7.    M^i-VJ  »  Aqttito 

.  1.2 

..      Iflb45n.    St 

.    +    8'33'Sl' 

8.   fomaiAau* 

(a  FiHcin  AuBtralU 

1.2 

..    22i'51'ni2> 

..  -  30°  U' 28* 

9.   f  W«ria4;  a  Pegaai 

..     2 

..    2211  68"  57' 

.,  +  U*34'44' 

We  hsve  not  complicated  the  chart,  iDtroduced  to  iUuatnto 
limar-disCuice  bodies,  by  crowding  it  with  mtuiy  other  stars.  All 
■tan  however  of  tb«  first  magnitude,  within  deoliaationB  46°  N.  and 
46*  S.,  are  inserted,  aad  a  few  constellations  useful  as  poeition.guidei 
»re  giveo,  the  numea  being  in  brackets.  The  most  useful  of  Ihesa,  in 
tlie  eqaatorial  regions,  are  Pegasus  and  Orion.  The  UaUjiy  is  also 
depicted  as  being  a  useful  natural  guide  on  a  bright  night. 

4.  With  referaace  to  Diurnal  Time  the  lero  ciiL-la  of  right 
ascension  OtO  is  coincident  with  the  meridian  of  Cireenwioh  at 
oidereal  noon  at  Greenwich.  On  the  date  repuMcnted  in  the  cliBTt, 
aolar  time  at  Greenwich  ia  midnight ;  E^d  Z  will  represent  the  zenith 
of  a  plooe  in  latitude  45''  S.  and  longitude  40*  W. ,  the  Unie  at  this 
place  being  between  9li  anil  ]0I>  P.M.  The  bodies  given  in  the 
"  Nautical  Almanac  "  for  this  date,  with  their  distances  are  : — 


I 

I 


An  tares 
Fomnlbaut       _. 


29-    41' 


8H                                       Lrs*a  DISTA^OBt. 

Tlie  churt  accoinpanying  tliia  article  is  ueceasarily  on  n  very  Bm&U 
icfcle,  ond  la  intoniled  only  for  eipUnatiou.     Tho  young  officer  ia 
itrongly  sdvisud  to  draw  b  chart  on  a  larger  scale,  and  hiniBoIf  in»ert 
Uie  differaut  bodiei,  the  Rxed  stan  being  put  in  ink  and  the  other 
bodies  in  lead  pencil.     On  inch  a  chart  be  may  also  approxiiiia1«ly 
project  liiB  zenith.     If  it  a  objected  that  this  wiU  not  suffice  for  a 
problem    in  the   practical  solution   ol  which   extreme  accuracy  ia 
Msential.    we    would    urge    that    a    rough    BolutioD    ia    frequently 
inTalual.le  both  aa  an  aid  for  graaping  the  principle  and  aa  a  safeguard 
against  any  fundamental  error  being  introduced  by  an  overaighl, 

liunar  Distance,  Olearlng  the.— The  operation  of  deducing 

the  tmi:  from  tho  npparaU  lunar  distance.      This  problem  is  effected 
by  the  solution  of  two  spherical  trianglea  having  a  coincident  angle 
anbtflnded  by  the  two  distances.     The  three  aides  of  one  of  Ihcae 
triangles  being  given,   this  angle  may  be  found ;   then  in  the  other 
triangle,  two  sides  and  the  included  angle  are  known  to  datac||^^| 
the  third  aide,  the  true  dUWnce  required.                                          ^H 
Let  M  and  M'  be  the  true  and  apparent  phwea  of  the  moon.      ^H 
S    ,,     8'                „                    ,,        places  of  the  other  body, 
tn    „    ni'               „                    „        altitudes  of  the  moon, 
t     „     «'               „                    „        altitudeaofthBolherbody. 
d    „    iV               „                    „        diatancea.                           ^- 
t.  the  true  zenith  diatance  of  the  moou.                                   ^H 
other  body.                                 ^H 

In  the  triangle  M'ZS'                                                   ^ "'"'oH 

„Z      cos  .-f  cos  (S-^,                           /                   ^T 

Co^'a    -    cosm'cosV                               /             ,              \ 

Ag^in  in  the  triangle  MZS^^                             ^~-- ^ 

1.  The  abovB  formulie  require  only  the  ordinftrv  tablea  of  log  aiiw* 
nd  log  eoiinec.  The  calculation  maj  be  facilitateil  by  the  rulopUon 
I  tfae  (ollowiDg  artifioa  :— Take  ra',  f*,  anil  if  to  tli«  neDireit  minuCa 
r  h*lE  miiiule,  rejecting  the  odd  eecoada,  and  the  lugtirilhms  reqiiirsd 
heu  be  tAken  out  by  iiiipeotioD  eiaetly  from  the  t&bles. 
ltt«rw&r<lB  increase  m  nud  <  by  oa  ninoy  seconds  na  have  been 
CiJACteil  from  lu'  and  (',  and  add  to  d  the  aecoads  reaerred  from  iT. 

a  Tlie  work  ii  much  facilitated  by  the  use  of  spaeial  tables  giriog 
ll«  value  of  a  aulnidjary  angle  for  dinerent  argumeuta. 

In  the  preceding  formula/  combine  the  eipieeaionB  for  sin  0  and 


gM^th 


log"^  m^»»     ..  Logarithmic  Difference-  =  log  (2  eo8  A). 


(a)  The  "  Logarithmie  Difference  "  ia  gireii  in  Bapar's  Tables, 
tnd   may   Its  naad   with   the   ordinary  tablea  of  log  Bines  and  log 
IB.— See  Logarlthnilc  Difference. 


(b)  The  "Attiiiliary  Angle  "  (Al  ia  given 
nay  !«  need  very  oouvooieiitly  in  cotijcmctioo 
The  fonnuU  embodying  the  operiliou  ib— 


n  iDmnn'i  Tables,  and 

:itLu  tuUeof  veraineo. 


Tab  vera  d  =  tab  TBTB  («  +  v)  +  t»bve»(<f  +  A)  +  tab  Ters  (./'- A) 
+  tab  vers  (m'  +  «'  +  A)  +  tub  van  (m'  +  *"  -  A) -4.000,000. 
Ill  reducing  this  formuta,  Hince  the  true  distaDce  can  never  differ  trotn 
tbe  BppareQt  ilistaDce  by  more  than  about  n  degree,  it  will  anffica  to 
take  out  the  last  five  Sfjurei  of  Che  versineH  uiUy,  uiit,  rejecUng  the 
tens.  Innk  out  for  the  true  distauoe  in  that  part  of  the  t*b]e 
correapooiliitg  to  t!ie  degrea  of  tile  apparent  dislAQce. — Sea 
Auxiliary  Angle,  A. 

3.  Airy's  Method,— A  iiiethi>d  of  clearing  the  dietanee  wu  devised 
by  Sir  G.  B.  Airy  depending  on  the  use,  in  the  factors  of  corrsctiaiM, 
not  of  each  apparent  element  not-  of  ths  correi 
element,  but  of  tbe  mean  between  the  two. 


"1 


The  olemcnta  wliloh  W3  rot|iiire  ore ;  the  apparent  altitude  and  9 
corrected  attitude  of  the  moon,  tiie  apparent  and  tho  correcte<I  altitude 
«f  tbe  eon,  and  tbe  apparent  and  corrected  distuioe.  The  first  five  of 
these  ore  known  accurately.  The  butt  (the  corrected  distance  between 
the  san  and  the  moon)  must  be  estimated.  There  ia  no  difficulty  in 
doing  this,  with  accuracy  abundajitly  sufficient  for  tliis  iuvesttgation. 
With  Greenwich  time  by  account,  the  distance  may  be  roughly 
computed  from  the  diatancea  in  the  "Nautical  Almanac,"  Or 
without  time  or  calculation,  a  ii&vtga(«r  accustomed  to  lunar  diatancea 
may  form  a  shrewd  guess  o'  the  probable  amount  of  ODrrection.  W« 
have  now  all  the  six  elements  required  for  the  investigation 


Let  Moon's  correcled  altitude  4 
Moon's  corrected  altitude  - 
Sua'a  apparent  altitude  +  t 


on'a  spparctit  altitude  =  I 
3ti's  apparent  altitude  = 
I  corrected  altitude  —  2B 
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Son's  Bpparent  »ltituila  -  sun's  correated  altitude  =  2  ii  ; 
Corrected  ilist&iice  ••■  apparent  diatAnce  =20; 
Corrected  dUtanoe  -  opparent  distance  =  2  r  i 

hen.  Moon's  apparent  altitude  =  A  -  a  i  corrected  fthilnde  =  A +  a 
Suq'b  apparent  Altitude  ^  B  -h  b  ;  corrected  altitade=B -ft  ; 

be  equality  of  tlie  zeoithal  au({lea,  and  cuuncquontly  of  the  cuaiuei  o( 

^^^B           (;oa(C-c)-"n(A-a).Biii(K.)-A) 

^^H                       cos  (A  -  a).  CO.  (U +  6) 

^^H          CM(C  +  0->{D(A  +  a).<iiii(B-b) 
^^M                    ooi(A  +  o).eoa(B-6). 

hb  equation  may  be  reduced  and  simpHBed  by  neglecting  termt 
bioh   do  not  affect   the  praoticul  aoounwy  of  the  result.     It  thua 

+  coaA.eo«B.8inC>:2.^ 

-  sin  A.cosB.cobC  ^  2a  +  cu8  A.  einB.  cosOx26     =0 

-  Bin  A  .  cos  A  X  26  +  sin  B .  cos  B  X  2a 

emttrking  that  2a,  2A.  2c  are  the  corrections  of  moon  "a  altitmie,  sun's 
titude,  and  diatauce  ;  the  result  of  the  eijnalioQ  is— 

ft + Uin  A .  ootan  C  -  S60  A .  sin  B .  cosec  C)  1 

X  correction  ol  moon's  altitude             1 

The  only  opeoiiig 
o[  C,  as  ilepeiiding  on  error  i 
diaUnce,  or  in  the  eaUmat«d 
Siippone  that  the  time  by  account  w 
1°  iu  longitude).     The  approximate 


in  this  formula 


the  Mtimated  tJ 
d  "  Nauticul  AlmimM'* 
the  observed  diBtonce. 
error  (implying  error  of 
an  of  dtsl&Dc«  wuiild  be 


taken  out  about  2"  in  error,  and  C  would  U  about  1'  iu  error.  If  th« 
value  of  the  distance  wu  about  G0°,  an  error  of  1'  would  produce  in 
cotan  C  till  error  of  nboiit  tAi  of  that  term  of  the  computed 
oorreoLion,  and  io  cosBC  U  ths  error  would  bo  uAt'  Theae  would 
be  hardly  seuaihle.  But  if  with  C  corrected  by  this  approximntion, 
the  cialculation  be  repeateil  (requiring  only  a  few  miiiutee),  the  error 
of  reaull  will  be  totally  inieniible. 


The  above  ie  extrtwted  from  Airy'a  brochure,  published  by 
of  the  Lords  Coinmiuionen  of  the  Admiralty  in  18 
form  for  lue  in  working  examples  wliii:h  is  appended. 


I 


erting  numben  inst«Bd  of  the  printed  words. 


Unan-iAtiKinni 
A=HalfSun 

(^nrrccliun  10  Suil't 
iiubiraciiw). 

Sun't  L'arTHtcd 

B=HuHS™ 

fi^lifn'^^^.^^r 

AuuiBcd  COmetiDB 
IO  App^tE...  Hii- 

.ivO. 

Aptarml  Di»Oiiee. 
Cantata  DUuncE 

t=H.H5lIm 

u.  App.««i  Do- 
ii.ej. 
Obikiw!  DUOun 

c=  Hair  Sun  ^H 

Tlitii  prweeJ  Willi  Uio  following oBlouUitiona,  iiaiiiB  3-  tigure-logaritlimB— 

F.r«  A|>pt».lmi.iioa. 

J(  dill  live  TcFita. 

Add.iivr:  Tern., 

l^"™c::::":::::;:::      1 

Sua  ixd  Number..  

Utpext  Log  mrr.  u  M'wiit  All       1 
SuB..BdNi.mbcr...__ 

Sun  und  Kuinbw  - .  ^^^^ 

RepauLotcsn.  loSun-tAlt 

Sum.ndNui.l-r....~ 
Sum  of  AddiiiviTermi  ..              ' 
Sub(r<E>i»  Term. 

Licwi.wHoan'i'Ali ! 

S>uii>»dNi>mb<r.. 

K=p«.  UgBiir  ioM>w,VAIl.          1 

t5  .«,««»>.;  »si;.-;  AIL i 

Sua«BdNHtiil«r— 
Sum..rSi.Li«c.i«Tn™-           

Kcpol  Lo«  Win.  lo  Sun'.  Alt            1 

Sum  (Od  Number.. 

Sua  of  S«l.lr»eti.=  Tnm.. . . .  ~ — 

C«nU»iisn   o(  Add>li»  Olol   ^ 

lnicli«  =  CoriKUon  lg  AlKareiit  } 
Diii.iiin ..) 

Thi»  form  siippoaea  lliat  C  ia  Uas  than  90°.  VVhon  C  eice«<lit  SKT, 
the  BDjipleinent  tn  ISO"  i«  tn  be  taken,  tho  coeacant  ind  cotangent  at 
tlut  Hnpplemiint  urn  to  be  u»ed,  nnd  the  aigua  if  the  fint  ami  fanrlh 
DduilMn.  which  ftre  prrHliiCBil  hy  cotaii  C.  are  to  bo  chnngcd  ;  the 
first  number  -will  hocome  iiibtractive,  and  the  fourth  umnber  sd Jitive. 

Tb«  secoDil   approximiktiim  will   very   rai'oly   bo   required.      I^J 
,  the  fin»l  "Correction  to  Apporont  Uiatjuice"  differ  fiOE 


I  tliat  owuinei 


begmain^  by  2"  or  3',  it  nmy  be  aatufact 
use  the  seooud  upproxiiuntiou  ;  it  is  vary  oauy. 

Iiimar    Observation.  — Tho    "  Luuar    OUerval 
name  Ity  which  ii  diatmguUhed  tlio  imporUnt  obson  ation  ot 
diiUuica  for  determining  the  longitude. 

IfUnatlon.— The  ••  Lunar  Manth"  or,  aa  AStroaomBneaH  it, 
"  itauH's  Sgnudiml  Prriod."    It  ia  (letermiued  by  the 
th»  moKu'i  phikses,  uid  is  reckoned  from  new  moon  to  nt 
from  leaving  her  conjuaction  with  the  sun  to  her  return  to  conjunoljc 
lu  uiiuwqueDCe  of  the  sun  baviug  a  proper  motion  iu  the  beavi 
the  uiue  directltiD  with  that  of  the  muou,  the  Utter  body, 
leavin){  tlie  son,  will  have  more  than  a  complete  circle  to  perfontj 
order  to  come  up  In  (he  sua  again.     Hence  a  luuaUou 
moou'a  eidereal  period  ;   ita  mean  length  is  dUcuUUd  to  bo  291! 


1 

lit.t^' 

ilKWOf 


Lunltldal  Interval. ^Of  the  tides,— the  interval  Iwtween  th« 
tnoou's  trnuait  and  the  high  water  noxt  following.  It  varies  from 
dny  U>  iky  during  tho  fortnight  between  new  and  full  and  full  atid 
new  moon.  The  lunitidal  interval  must  not  be  confused  wiUi 
''Returd  "  or  "  Age  of  the  tide." 


«^' 


Iiyra  (L.   "The  Lyre").— AcoiatolluUon  tolhesoulh  of  Dr» 
•nd  Cygnus,     It  contains  one  bright  star  a  Lynt,  also  ealled  t'rfta. 
lliis  nmy  l>e  found  by  its  being  situated  at  about  the  same  dislaoc* 

e  pole  slar  on  one  side  lu  Cai>ella  is  on  the  other,  and  b^H^j 
propinquity  to  the  couspicuouH  pair  of  the  Dragon.     Mag.  0~i  ; 
1806,  It.A.  ISh  33ia ,  Dec.  +  3S'  41' 


M 

m. — Of  Ihe  letters  tweJ  to  register  the  state  nf  the  weather  ii 
log-book,  m  indicatea  "  ifutj/  or  Hntu — to  a*  to  Inlermpl  the  ih'm 

MfLgnet.^  Magnets  are  Btibatancee  (chieQy  iron,  in  some  form) 
whose  pat'tiules  linve  osBuineil  a  certain  condition  oallcd  Polarity 
connected  witb  definite  directions  gnvemed  by  terrestrial  infliienca, 
A  magnet  when  freely  snapemled  by  ita  centre  of  gravity  sponton- 
eonsly  aasutnee  &  definite  position  relatively  to  the  earth,  o 
pole  poiotiiig  tjiwords  the  north,  and  dipping  downwards  in  northern 
Iktitndea,  the  other  end  or  pole  pointing  towards  tlie  nouth,  and 
dipping  downwards,  in  southern  latitadcs.  This  condition  of  polar 
magnets  communicate  to  like  substances  having  the  s&mo  tendency, 
when  in  their  rioinity,  by  a  process  called  Iitduclioa,  and  ■□  attractive 
power  is  developed.  When  two  magnets  are  in  propinquity,  uulika 
polM  attract  each  other  and  like  poles  repel  each  other.  MagoeU 
KM  either  natural  or  artificial. 

(1.)  Naiarai  hlaQ»tti.—t\\o  earth  as  a  whole  is  the  great  natural 
magnet.  Some  natonl  ores  ot  iron  are  susceptible  ot  terrestrial 
induction,  eapectally  one  combination,  which  retains  its  magnetin 
polarization  tenaciously.  It  consists  of  the  protoxide  and  theperolids 
of  iron  with  smail  portions  of  silica  and  alumina.  As  blocks  of  thil 
■nbatanee  have  lain  for  ages  in  the  same  position  with  regard  to  the 
magnetic  line  of  force  of  the  earth,  they  hare  acquired  magnetla 
polarity  ;  they  have  beoome  natural  magnets,  and  Fragments  when 
moved  from  the  ttmtiim  in  which  they  are  found  assume  aa 
independont  polarity  according  to  the  laws  of  magnetism.  TbJl 
I    iwliira]  majpet  is  usanlly  of  a  dark  grey  hue  with  a  dull  metallie 

ire,  and  f«  fonnd  in  the  iron  mines  of  many  oountriet.     It  wai 

^^^  U    a        . 


J 


^^^" 

ancieutly  obtnined  oliioflj'  from  Mftgnoaia  in  Abui  Miuor,  and  fa«iice 
the  word  ■•  magnet."    Its  other  namea  are  interesting.     The  people 
in  Pliuy'a  tims  oalloil   it  Jerrum  vivitm,  "  quick  iron  "  j  the  ChioeM 
know  it  a«  tehH-e\y.   "  the  directing  itone  "  :   aod  ■imilurlr  in  tlia 

"the  leading  Btone"  :  miJ  in  English  the  IooiUIom  or  lo<itttone  (from 
Sax.   Irdft.  "  to  lerul  "|.     Muny  gems  also,  and  the  meUls  cobalt  and 

(U).   AHiJieial  .V(i;;jitM.— Ban  of  steel  to  which  magnetic  polarity 
has   liaeii   commiinicatBd  by  artificial   means.      Iron   is   technicaDr 

inducliim  when  expoied  lo  any  magnetic!  inflnence,  but  lies  do  power 

however,    he    of   \-ariable    hardness,   and  no  uniform   stahdard  of 
magnetic  power  can  be  ascribed  to  it,  nor  do  we  alwayx  know  whether 
we  have  really  "hard  "  iron.     The  description  of  hard  iron,  known 
as  "iteel,"  is  employed  to  make  nrUficial  magnets,     Steel  ia  iron  witli 

almost  of  one  uniform  kind  ;     oonsaqnently,  by  ita  use  wo  obtain 

und   can  1>c  tiiiBtcd.      The  steel  bar  magnets,  used  (or  correoUng 
eompaMot,  arc  made  if  very  iiard  at«il.  those  of  Sir  WilUam  Thoa|M|H 
being  of  "  gkas-hardocaa."                                                                     ^^H 
1                    Magneta  may  U  made  by  three  different  kinds  of  mathixll  H^B 

loDg  in  the  tlireutioD  of  the  nuLguetic  oieridian  null  dip,  iU  pailiclea  ^ 
Moqnire  the  magnetic  pobrity  ;  and  this  xirucasa  can  lie  haalsuuil  hj 
any  mekii^  which  focilitateB  a  oh&age  of  condition  among  the  purticlei, 
anch  as  heating  succeeded  by  sndden  cooling,  the  transmiMion  of  an 
electric  diBch&rge,  or  parciiasion.  (b)  Simple  juxtapoHitiou,  in  a.  line,  . 
end  to  end,  with  a.  bar  ningnet  will  oonvert  a  bur  of  ii 
m&gnet.  Die  energy  ia  douhled  by  the  bar  being  placed  bstweeu  ■ 
two  magiieta  in  it  line,  ciiiit«rminouB  with  tbeir  opposite  polea.  Th«  fl 
pruceaB  mny  bo  accomplisbeil  by  the  aid  of  friction,  either  by  drawi 
one  nuvgnet  along  the  wbole  length  of  the  bar  ;  or  by  using  t 
tnngueta  in  a  manner  catk-d  "  double  tonch,"  in  which  the  diaainiilarl 
cndH  of  tlie  two  magnets,  held  obliquely,  are  made  to  alide  from  ths-V 
centre  of  the  bar  to  ita  eKtromitiei,  this  being  re|)eated  several:! 
times,  ff)  A  cylinder  of  iron  may  be  converted  into  n  magnet  by.M 
pfl««ing  nn  electric  current  through  a  metallic  wirp  ciiileil  round  it 
right  uQglea  to  its  axis. 

■1  knowledge  of  the  kbore  facta  ia  important  toxeiLnicii.  Onboard  | 
•hip  the  BlAuchions,  iron  spindles,  etc.,  often  becoiui 
(eapeoially  in  men-of-war,  where  the  vibration  ia  great  from  the  firing  J 
«f  the  guna)  and  then  they  cause  a  more  permanent  duvintiou  uf  tho  J 
oomtHis*  than  they  did  in  their  unmagnetisad  hUi 
waolj  lie  posHible  for  a  castaway  aeaman  to  extemporise  a  magnet  aubil 
ot  a  piece  of  ramrod  by  holding  it  approiimulely  in  the  posltioi 
the  line  of  magnetio  force  and  striking  it  with  aovend  amart  blowt,  I 
tSee  Uaenetlam,  TdrrOBtrlal.]  And,  finally,  by  bearing  iaj 
mind  the  facts  of  mnpictisni,  tboae  who  have  the  euro  of  the  M 
beat  tliokigh  very  auaceptibJe  friend  will  know  how  ti 
constancy.  The  some  mecbauicul  moana  wliiuli  dovulop  maguBtisot.l 
will  also  destroy  it  in  a  bur  placed  oppositely  or  trails vcrwljr  ta  it#fl 


tiftturiil  magnetic  poaitioD.  Thus  it  needle  muy  loae  its  {HiiTBr  by  ■■ 
foil  OD  »  hard  aubsUuice.  Agniu,  apsre  coinpaw-utrda  ilioult]  be  hepl 
in  cues  coDBtructed  with  a.  view  uf  keeping  pales  of  the  Bune  luuna 
from  lieiug  placed  togethur.  According  to  thsir  tuna,  oriificial 
magiieU  aie  claaeil  u  "  liar  mnguets,"  "  liorse-aboe  ma^eta," 
"compouud  maguets,"  etc.  ;  liut  the  mint  imporlnat  prsclical 
mudiGi'atiou  is  the  magnetic  needle. 

Magnets ;  Permanent,  Transient,  Sul>-pennaneDb-— 

(I.)  A  jurmiinriit  la  «.  true  mugiiet  which  posaesaes  ju  itself  an 
ludepeiiileul  ouutre  of  fui'ce  or  aysteivi  of  lorcei  aiiitilor  U>  thut  exerted 
by  the  earth  ;  and  it  does  nut  part  witli  this  power.  A  permanent 
magnet  ia  composed  of  "hard  iron,"  a  description  to  which  ateel 
belongB. 

(II. )  A  traimtal  ia  at)  imlacetl  magnet,  one  whidi  \m  dependent  for 
its  ma^iietiani  upon  the  proxiinit;  of  uiother  external  magnet, 
whether  this  be  the  earth  itself  or  a  true  artLScial  magnet  Dearer  t« 
it.  Its  magnetiam  ia  movable  or  unfixed,  the  inanifeatatioa  of  it 
depeudiug,  at  any  iuatnnt,  on  tlic  poaition  of  the  bar  relatively  to  the 
earth  or  influencing  magnet.  Snch  magnet*  are  tormeil  in  "  soft 
iron  "  (wrought  and  coat  iron)  not  subject  to  any  apecial  violence. 

(Ill,  J  A  Suh-pernuiTieiU  is  a  Itmporary  U-ue  magnet — one  wbieh 
baa  the  charucMr  of  a  permajiBDt  magnet,  posaeaaing  on  independent 
centre  of  foioe  or  ajBtem  of  toruea,  but  parting  with  this  power  after 
the  lapse  of  some  lime.  Tliis  condition  takes  place  in  "  soft  iron" 
which,  wliite  umler  the  influeuce  of  indaction,  haa  been  thrown  into 
».  state  of  tremor  fruui  niecliaiiical  violeuce.  Such  a  ti'iie  magnet 
parts  with  the  theater  portion  of  its  msgiietism  by  the  gradual  actioa 
■n'estriiil  induction. 
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Magnetic  Needlea—A  light  bor  or  Ihin  cylinder  of  magjietiBed 
■teri  ftHapted  for  lUBpension  is  cullcit  a  mttgnetic  iieadla.  Jf  piiia«d 
iU  csDtre  of  gravity  onti  free  to  aiaame  nny  position,  it«  ilirection 
indicateH  the  line  of  magnetic  force  of  the  earth  At  Uie  plac«.  But 
the  forms  of  mounting  with  whioli  we  are  here  principally  concerned 

:  tu-o.  in  which  the  needle  in  conatraiiieil  to  move  in  iletinite  plans*. 

1.  Tht  Uoriionlal-plane  Nerdl*  U  one  which  is  placed  on  a  ]iivut. 
1  to  balanced  by  compensating  weigliU  llint  it  movei  only  in 
mulh.  It  is  technically  called  The  Dnlination  Needlt.  and  by 
men  it  is  Icnowii  aa  Tlit  farialion  NredU,     It  iodicates  the  angis 

which  the  magnetic  meridian  makes  with  the  geographical  meriiltan 
of  the  station.     The  declination  is  called  east  or  west  mccordlng  m  J 
the  marked  end  of  the  needle  ts  drawn  t«  the  oast  or  west  of  UtS  I 
ineridian.  I 

2.  Til*  Vfrtitnl-fdant  NtfdU  a  one  hanging  on  a  imall  horiEonUl 
ftxit  and  capable  only  of  moving  in  allitude.     It  is  teclinically  called 

Tht  lurlinaHoB  yeedle,  but  is  more  commonly  known  u  Thf  Di/^iiaif 
Jffllf.     It   indicates  the  angle   which   the  line  of  nuignetic  forco 
makes  with   the   horizon.       The   inclination   ii  called   Positive  ov  iJ 
Nogative  according  as  the  marked  end  of  the  needle  incUnea  below  J 
or  above  the  horizon. 

Magnetic  Needle,  Astatic— A  magnetic  needle  withdrawn  i 

rom  llie  action  of  'errestrial  magnetism,  and  therefore  having  M  J 
Itatital  poitiim  of  equilibrium  with  reference  la  the  earth.     Ii 
UM  to  exhibit  strikingly  the  elTect  of  one  mai[net  on  anotner. 
A  tingle  magnet  mny  be  rendered  astatic  by  placing  the  a' 

'Ueh  it  is  movable  in  the  direction  of  the  magnetic  dip ;  ita  n 
iriO  then  be  in  the  eiinatorial  plane,  and  in  this  it  will  rest  in  an;'^ 


vetiiant  form,  however,  i»  u  caiubination  of- 
noedlea  of  equal  ppwor  fixed  in  B  froma  one  above  iho  other, 
ut>pi»it«  polo  auper-aJjacRnl,  and  poised  cin  t.  tinepircit.  The  united 
needlos  tnutanll;  neiitrKliKe  the  larreatrinl  nmgnetiam  on  vtKli,  lo 
wUii^li  tliu  while  togclher  ie  thus  rendered  iDsenaihle.  Eiu:h  mikgnel 
Iiuwever  will  b«  sepamtcly  affected  by  th«  looil  attraction  of  Uiolher 
nin^iifel  hriugbt  near  it,  &nd  each  may  be  usediuaii  "  utalic  neudle." 

Magnetic  Needle,  Tlbratl&£,~Tli«  relative  magniuidss  of 
llie  [firrBatt'ial  mnguntic  horizoai&l  force  nt  differeut  parts  of  the  ekrtb 
mny  be  aaoertained  liy  observing  the  vibratioiiB  of  the  same  magnet 
At  Iheae  localities.  Such  a  needle  may  also  be  used  lo  Gad  the 
reUlive  magnitude  of  the  horizontal  componentofs  ship's  magnetisni. 
It  ia  an  eBiential  iuatrumeut  to  the  coiaposa  adjuster.  The  force 
i&veriioly  as  the  aquare  of  the  time  occupied  by  each  vlbrvliaai 
Iherefore  the  conipiLnktive  iuteuiitiea  of  the  forces  CKiuing 
vihrutiooB  arc  in  the  mtio  of  the  squares  of  tiiB  number  of  HI 
tnotle  in  a  given  period  of  time. 

A  vibrating  needle  should  be  speoiolly  adapted  for  the  pur 
ll  need  ba  no  more  tlmn  three  inches  long,  and  it  is  convenient  lo 
prepare  it  so  as  lo  vibrate  thirty  times  a  minute  when  on  shore  and 
removed  from  the  influence  uf  all  local  disturbance.  It  may  be 
Buspenrled  horizootnlly  by  a  few  libres  of  silk.  Tliose  used  iu  the 
Royal  Navy  vibrate  on  a  special  pivot  which  fits  the  Tibrating  box  on 
■hore  Olid  the  compau  bowl  on  board,  and  tha  pivot  nsod  ol 
■uiiHt  bo  used  ou  board. 


rlbrvtiCHli  i 
using  d|M^ 
vibnlj^H 
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Ma^oet  Needle ;  Axis,  Neutral  Iilne,  Polee. 

i*.— The  direction  of  the  magnetic  polarixrition  of  tlie 
Id  coincide  with  the  loDgitndinal  line  of  the  needle 
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otherwise  tlie  needle  of  tho  mnriner's  cointKis 

eiaolneaa   U>   Ihe  mugiiBlic   nortli   and  soulh. 

ConpneH  Observatory  the  estential  quality  of  oi 

n  paint  of  special  eiomitiatiau  in  all  compoasei,  ti 

pl&ced   with  their  edge»  on  tlie  card  pnrtly  with  a  view  to  ensuring  . 

this  resnlt.— See  Oompass,  ImperflQctioiie,  AdJUBtments,  I 

Brrora 

2.  A'tulml  Lint.^A  lino  passing  across  the  siirfitce  <i[  the  bur  J 
tr^nsvprsely  to  ita  longtb,  in  wliicli  will  lie  found  the  points  nhartl 
the  magnetic  farce  is  tero.  If  the  tmr  baa  been  careFiilly  inagnetiiedv 
IhiB  w[II  be  al  it«  centre. 

3.  Potrt. — The  two  points  in  which  the  attractive  and  rupul«i'mB 
power  of  the  nirtgnet  appear  to  lie  aoscentrated.      The  distance  tXM 
M^b  pole  from  its  end  oE  the  bar  ia  about  Vi  of  the  whole  length.  I 
Tlmt  pole  of  the  compass  needle  which  points  tii  the  earth's  magnettdfl 
north  is  comtnonly  called  the   "North  Pole "  of  the  iieeitle  fnr  tl 
reMon,   and   the   other  the   "South   Pole."     But  those   I 
objectionable  as  seeming  to  imply  that  lilce  poles  attract  each  other,  I 
wliicL  ia  the  reverse  of  the  truth.     Henca  it  has  been  suggested  t(r  I 
distingnish  the  pole  of  the  bar  which  points  to  the  North  pole  of  tl 
«artb    a*    tho    "  Mnrkeil."    and    tlie    other    m  the   "I'lnin,"   end.  I 
Astronomer  Royal  Sir  Q.    B,   Airy  adopts  the  convention  of  calltngd 
the  magnetism  of  the  earth's  northern  regions  "  Blue,"  and  that  ol 
the  southern  "  Red,"  and,  as  unlike  pules  attract  each  other,  theencil 
of  a  noodle  pointing  to  tlie  north  would  be  the  "  Bed  "end  and  tl 
other  the  "  Blue." 

Magnetism,   Terreatrial.— The   magnetic   influonee  of  I 
earth,  irnli.'nleil  liy  the  -iir)«ieiice  ai.ti  i-hnnaea  in  iiia 
observed  on   diirereiit   pniij  of  its  suvruce.      In  treating  of  thin  for 


wo  mint  finnsiiler  its  dirtetion  snd  ita  inlnnli/  ;  and  in  &ddlti< 
these,  the  tHilrHiulioa  of  ita  effecU  over  the  surface  ol  the  glob«,  i 
what  chdH'jn  it  ii  subject  to.  The  distributioD  will  ba  iioCioed  nnder 
the  heads  of  it^  ilirectioii  and  inlfiaiity,  being  repreaented  in  each 
Mp«rate  cue  by  n  sj-stem  of  imaginary  lines  on  the  earth's  tarHat  \ 
the  changes  will  be  noticed  sulneigueotly. 

1.  The  Dirnction  of  llir  Force  of  Tenrttrial  Majnaum  i* 
estimated  in  two  co-ordinate  planes,  the  one  horiEOC  tul  the  other 
verticiil,  in  tlie  former  of  which  the  geographical  meridian  ii 
taken  aa  the  initial  line,  in  the  latter  the  horizoDtal  plftne  is  the 
origin.  It  is  meoBured  by  the  ilirection  of  magnetic  needlea 
suspended  to  more  in  each  of  these  phtnes ;  the  needle  huiig  so  as  to 
move  in  the  horizontal  phtue  is  called  the  "  DecUnatioD  *'  or 
"Variation  needte,"  that  bung  so  as  to  move  in  the  vertical  plane, 
the  "  Inclination  "  or  "  Dipping  needle." 

(i.)   Tlit  Dirrcliem  in  (Ae  fforiMiKiU  Wanr— Thia  is  luwiaured  by 

the  angle  which  the  direction  of  the  declination  needle,  (called  the 
"  niagnetic  meridian ")  makes  with  the  geographical  meridian. 
Imaginary  lines  on  the  earth's  flurtaoe  posiing  through  all  poinU 
where  the  needle  points  dcie  north  and  south,  are  called  Llnat  o/na 
Varialion;  and  lines  passing  throagh  all  points  wiiere  the  needle  is 
deflected  from  the  geographionl  meridian  by  the  same  amount,  are 
called  Lina  of  Biiaal  I'anad'oB,  or  Imgooie  LiiKJt.  These  ato 
axtremely  irregular  curve*,  and  form  two  close<l  syatenia  aurrouuding 
two  points  which  may  he  called  the  Centra  of  Varintinn.  One  of 
these  points  is  in  Eastern  Siberia,  the  other  in  the  Pactlie  Ocean,  in 
the  vicinity  of  the  Marquesas,  1'lie  Isogonie  Lilies  all  converge  lo 
one  point  iu  the  northern  part  of  North  America,  Sir  James  Bos^ 


;  Mignetio  Pola  ;    there  is  a  eiiiiiliir  convergenoe   to  a   point  ii 
AntRrctio   region  to  the  aauthwBcd  of  AuBtralitt wbicbiiUieSoutib  1 
Mftgnetio  Pole. 

(ii.)  The  Dirtciion  ia  the  Verlieal  Plane.— Thi»  ia  meMuredhj  th* 9 
*ngle  whioh  the  inclination  needle  nrikos  witli  the  horizon.      At  1 
poiala  on  the  earth's  aurfuce,  or  rallior  in  tno  small  linear  iipaees. 
needle   luaumeB  a,  position  perpendicular  to  the  bori^^n,  one  ol 
polei  being  downward  in  one  hemisphere,  and  the  opposite  one  in 
other  hemiaphere.      These  two  spots  are  called  the  MayiuUe  Pole*.  1 
At  the  north  magnetic  pole,   the  "marked"  or  "  red  "  pole  of  tha  I 
needle  dips ;  at  the  aoutli  magnetic  pole,  the  "  plain"  or  "blue"  pole   ( 
of  the  needle  dipa.     The  poeitiona  of  these  poles  are  lat,  70°  N. ,  long. 
■87*  W.,  andUt.  73" S..  louj-.  U7'E.     Encircling  tha  earth  is  a  1 
DD  everypoint  of  which  the  needle  remains  horizontal,  «o  that  theri 
no  dip ;  this  line  is  called  the  MagntlU  Hqvator.     It  crosses  the  teci 
trial  ei^uator  in  several  points,  and  never  recedes  from  it  on  either  I 
aide  further  than  16° ;  the  poaition  of  the  two  heing  nearly  coiDoLdent  I 
in  that  part  of  the  Pooific  where  there  are  few  iatanda,  and  most  | 
divergent  when    traversing   tha  African  and  American 
Intermediate  to  the  poles  and  equator,  Lues  are   drawn  through  all  I 
point!  where  the  needle   makes   the  same  angle  with  the  horizon. 
These  are  colled  L'mri  of  Equal  Inclination  or  Dip,  or  leoclinal  Linu. 
2.   TVie  InttntUy  <)f  tht  Force  (/  3'erre»tnixl  Magnetism  variea  In 
different  parts  o[  the  euth  as  the  square  of  the  number  of  vibrationa 
which  the  magnetic  needle  fr«ely  euspeudsd  makes  in  . 
There  are  four  points  on  the  earth's  suxfaoc  where  the  magnetic  foroa< 
U  a  inaximtim,  two  in  each  liemisphere.  those  of  tho  greatest  iDteuaitj- 
lyinj;  in  the  southern  hemisphere.      Tliese  pointa  are  called  the  Fc 
<tf  Jfiuintum  Intentity,       Tha  northeni  foci  lis  the  one  iu  Hndaon' 
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ilecrouing  at  about  the  rate  of  ff  annually.     Similarly  the  dip  hi 
lieeo  decreaBtni;  at  London  for  the  last  Gft;  years  at  the  rate  of  3" 
aimually.     Wo  must  bera  remark  that  our  mont  reuent  observalioua 
tend  to  prove  that  the  magnetic  polei  do  not  move,  and  of  tlie  motion 
of  the  fl>oi  of  intensity  we  have  no  data  to  go  upon.      Thu  great  foot 
of  mognetio  clianffe  lie  betwean  North  Cape  of  Norway  and  Cape   I 
Honi.    There  are  almi  Prrialic  FUetualiima.  whioh  run  through  their  | 
<ioune  in  iMcertained  periods,  uud  which  can  be  traced  to  I.hair  canaea. 
BoUl    the    direction    and    iotensity    of    t«rreBtrial    magnetiam  are 
liifluenoed  through  the  course  of  the  year  by  the  notion  of  the  ran 
in  the  ecliptic,  and  they  fluctuate  with  the  decliuatioD  of  the  moon 
and  Iter  distanoe  from  thu  earth.     Again,  there  ii  the   Horary  or 
Diurnal  FCuetuailon,  which,  like  the  tiden,  goei  through  it*  changes 
twioe    in    the    tirunty-four    hours.      Thus    in  the  mjdille  northern 
Utitudaa  the  N.   pole  of  the  declination  needle  has  a  mcau  motion 
from  east  to  we«t  from  8     ».al.   to  l)h  p.m.  ;   it  then  returns  to  thB  j 
«ast   till  evening,   when   it   makes  another  excursion  to  t)ie  west,  I 
retoming  to  its  original  position  by  eight  o'clock  in  the  mon 
The  angular  extent  of  the  excursion  is  greater  io  the  day  than  h 
night,  in  summer  than  in  winter.     In  the  middle  latitade  of  Europe  J 
it  is  13'  or  14' ;   on  the  equator,  where  it  is  very  regular.  3'  i 
The  phenonieaon  is  reversed  iii  aouthcra  latitudes.     Once  more,  then  J 
are  Tranneoi  Ftrmrbatiom  ot  terrestrial  magnetism.     Vast  magnetio'l 
storms  odGur  at  irregular  intervals,  covering  extensive  areas  of  Uie  >| 
globe.     Earlbquakos,  electric  changes,   the  aurora  borealia,  agitata  J 
the  magnet,  and  dtsturbauues  synchronoDa  with  the  appearonoe  o|  9 
•olar  spots  have  been  observed. 

Observations  of  terrestrial  magnetism  have  for  theic  object  tl 
determination    of   the  above  elemeutiL      Ships  ace  supplied  wiUtQ 
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iiutruiuenta  both  lor  abdulute  aud  relulive 

being  ktl  *hst  are  poaaibls  at  sen,  whil«  tbo  former  fDrniah  baM 
•t&lions.  DireatioDS  for  the  uh  of  tlicw  initrumenta  are  giveu  in  a 
Paper  by  Geaersl  Sir  E.  Sabine,  in  the  Admiralty  "  Manual  ot 
Scieutiiia  Euquiry."  The  resulta  of  mch  observatioDS  are  embodiol 
in  obarta  and  tablea,  [See  article,  "Terrestrial  Magnetiam"  Lu 
"  Elementary  Manual  for  Devintions  of  Compaas."] 

MaKaetlSin  Oharta.— There  are  three  magnetiBiu  charts 
correepoudiog  to  the  throe  ctasaes  of  pbeDOmeaa  referred  to  abova, 
viz.  those  eiliibitiiig  the  im^ianic,  the  iaoctin/U  and  iiodnnantif  curves. 
The  epoch  for  whicli  Iheae  charts  are  coustnictod,  and  lo  which  all 
obiervatiom  uwd  should  be  reduced,  ought  to  be  definitely  staled, 
ai  all  the  elemeuta  they  embody  change  with  the  lapse  of  time. 

(I,)  Chart  of  lAnn  0/ RjuaC  ilagiielic  Variation. — Ad  iuspecti<ia 
of  this  ehart  will  give  a  good  general  view  of  tlie  arrangement  of  tbs 
isogonie  lines.  The  "  Magnetic  Meridian  "  of  any  place  is  given  by 
the  chart ;  the  linaa  of  no  declination  being  the  loci  of  places  with  no 
declination.  Thece  wjixiic  lines  cross  the  geographical  equator  at 
alHiut  75'  east  and  iS'  welt  longitude.  The  surfaoe  of  the  globe  ia 
divided  into  two  unequal  regions  by  the  agonic  meridians,  in  the 
amaller  of  which,  the  Atlantic  area,  the  variation  is  westerly  j  and 
in  the  larger,  the  Pacific  area,  (he  variation  ia  easterly.  The 
oonvergenoe  to  the  two  magnetic  poles  will  be  observed.  This  chart 
is  most  useful  in  the  ordinary  practice  of  navigation.  When  the  tola] 
error  of  the  composs  hoi  been  found  by  ostronDmicsl  observatiani, 
that  part  due  to  the  ilcelioatlon  or  variation  may  be  taken  from  tb« 
chart,  leaving  the  remainder,  which  ariaca  from  the  deviation  of  tJM 
eoiiipaas.  It  thua  furnishes,  in  these  days  of  iron  ahipa,  : 
needful  ineaua  of  checking,   at  any  time  and  place,   Uia  1 


Lieforetiaad  ^^^| 

dttiigoroua,  J 


Devifttioiii.  Thi»  chart  miiy  ulflo  wiirn  tlie  navigntor  beforetiaad 
-whecs  Ihii  cbuiigiKi  in  the  variutioii  are  moat  |)erp1eiuig  uiid  datigorouB, 
aa  where  the  liuea  are  crowded  together  and  lie  athwart  the  usual 
ti&cka  of  abips,  apota  which  happou  to  be  the  most  [re<iueDted  centrM 
«I  iDHTitinie  euterpriae.  So  imporlaut  is  ttiia  i^urt,  that  one  of  them 
«D  Mercator'a  projeutlua  and  oti  a  large  acnle,  ambraciu^'  the  ivhola 
navigable  porliou  of  the  globe,  is  supplied  to  each  of  U.  M.  ahipa. 

(II.)  ClinrI  of  Line  of  Er/ual  Magiirlk  Dip.— Thia  chart  bIii>wi  I 
that  the  arrangeiiieDt  of  the  iaooliual  line  ia  aomawhat  oualogua  to  J 
that  of  the  geogrnphical  equator  and  parallels  of  latitude, 
the  line  of  no  dip  is  called  the  Jfii[;ncfie  £|/iiaror,  nnd  the  iaoclinal  I 
lines  RiarL  what  is  called  the  itaipirtie  LalituiU,  the  itiignttic  PoUm  1 
beinglhepoint*  where  thedipiaW'.  ItnuiBthoweverbBboroH iu mind  | 
that  the  magnetic  eqitatnr  does  not  coinaida  with  the  geographical,  i 
that  the  isoclinal  liuea  are  only  generally  parallel  to  the  uognetia  1 
aquator.     The  following  relation  ii  approximately  ti 

Tan  dipsS  tan  inag.  lat. 
The  great  um  of  this  chart  is  to  be  found  in  the  light  which  it  throws 
VI  the  ohanges  whiL'h  the  devuitioniiof  aahip'acutnpaBieBundergo  On  it 
change  of  geographical  position,  chiefly  those  arising  from  induction : 
thna  enabling  a  navigator  to  anticipate  aitch  chaagoe,     The  inagnatinn  | 
inilaced    in    the    soft  iron   by   the   vertical   force  of   the  earth  la  I 
proportional  to  that  force,  and  producos  a  deviation  which  voriea,  in  J 
different  geographical  poattions,  as  the  tangent  of  the  dip. 
value  of  tliia  tangent  is  given,   in  the  ninrgin,  for  each  isoclinal  IJns  I 
1  th«  chart.     Tlie  deviation  arising  from  the  magnetism  inducad  in  1 
the  soft  iron  by  the  horizontal   force  of  the  eurtli  i 
futm  at  th«  globe. 


IIIL)  CAurt  o/ liiift  qf  S-iualffofiiontal  Foret.- 
the  curvoB  of  lateniUy  are  given  sliowiog  the  diatribution  of  Ui<i  ■ 
force,  and  tlie  iaodyuaoiic  curvM,  iu  these,  will  bo  eiruigcd  ri 
fouf  foci  of  niftxiiiium  iateoaity,  two  in  encii  lieniivphere. 
oentrea  tlie  force  is  Iwtween  two  or  tlireo  Umw  tlie  unouut  i 
tb«  mngnotic  equator,  where  it  a  leut.  Hut  the  part  of  the  (aroe,  ■ 
regard  its  iDtciiaity,  which  is  of  speci&I  importance  to  tlie  navigator 
it  tlie  uoriyontal  componout ;  ami  it  is  tliis  therefore,  and  uol  the  lot»l 
force,  whiuli  ia  embodiad  in  tlie  Admiralty  Chart.  In  stndjing  tliis 
abort,  it  must  be  borne  in  mind  that  the  rektive  positiona  uf  maxima 
and  minima  will  bo  inverted  from  what  they  are  when  the  t«t«l  forM 
is  depicted.  At  Uie  magnetic  equator  the  lertiiiKl  cumpnuent 
vaniaheB,  and  so  the  horizontal  compoDent  ia  ideotioal  with  tlie  whole 
of  the  total  force  ;  u  we  approach  the  niagnetio  polea,  the  rerticol 
component  increases  wliile  the  horizontal  component  decreows,  anil 
the  rrl'tlii^  value  oE  the  latter  becomes  very  small.  Itcnco  in 
intensity  charts  whiub  exhibit  tlie  honiontal  vompouent  only,  the 
maximum  will  be  fouud  near  the  magnetio  e>|Uator,  ftnd  it  will 
diminiali  oa  we  go  towards  the  poles  ;  though  tha  contrary  of  ihil  i* 
true  when  tlie  totnl  force  is  token  into  iii.>count.  This  chart  is  moot 
importniit  in  connection  with  the  eScuta  of  the  pennaneat  roagueliam 
of  the  hnnl  iroo  of  u  ship.  This  is  a  disturbing  cauaewhlch  prodwMt. 
daviotion  inversely  as  the  directive  toroe  of  the  needle  (nearly^ 
it  oue  of  the  parts  of  the  aemioirculur  deviation,  and  knowi 
amount  in  a  ship  iu  any  ous  part  of  the  globe,  thia  chart  eualil 
to  estimate  ita  probable  njiioutit  in  any  other  locality.  The  multl^ 
for  converting  tiie  permanent  aemicircular  deviation  at  one  ptao 
that  nt  another  is  the  product  of  the  value  of  the  horizontal  force  at 
.   the  Srat  place,  niid  of  the  reciprocal  of  the  horizontal  forci 

nd  place.     These  reciprocals  ore  given  in  the  margin  of  tho^ 
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Magmetic  Equator,  Poles,  Latitude.— These 

be  uudcrstood  by  a  curetul  pcruaal  of  the  arCicIes  on  Terrestrial 
Magnetism  uqiI  UagQetlsm  Oharts  but  there 

Bmbignities  which  cannot  be  too  carefully  guarded  sguinat.  Th* 
ti<rma,  it  moit  lie  borne  in  mind,  have  strictly  reference  to  tha 
magnetic  dip. 

I.  The  Ungnelic  Equator  ii  the  locus  of  the  plaasH  where  tlie  dip 
ia  zero,  bi  the  acltaal  curve  to  whicli  iaocliiiaU  ore  approximately 
pBirallola.  Thia  curve  ii  not  identical  with  the  line  of  minimum 
intenaity  of  the  total  magnetic  force  which  is  called  the  Di/iiamic 
Bf/ualor,  bat  la  very  approximate  to  the  line  of  maximum  inteiiaiCy 
of  the  horizoDt&l  component.  Tbe  magnetic  equator  again  must  not 
b«  contueed  with  the  Ei/uatorial  Plane,  which  ia  a  pluie,  at  any 
particular  place  perpendicular  to  the  line  of  force,  which  line  is 
indicated  by  the  dipping  needle,  and  may  ))e  regarded  as  the  mag- 
netio  asta,  Thia  plane  ia  perpendicular  to  the  sui'face  at  every 
point  of  the  magnetic  equator,  but  itj  poaitioo  varies  in  aximuth  with 
the  declination. 

3  Tilt  itagKtlie  Polet  are  tbe  placea  where  the  dip  ia  H0°,  or  tbs 
magnetic  axia  vertical.  Theae  are  cniucident  with  the  aputi  whera 
the  borizoatal  eomponent  of  intenaity  vaniabea  and  where  the 
equaluriol  pUne  ia  a  tangent  to  the  surface. 

3.  The  itagnrlic  LalitiuU  is  generally  defined  as  the  distance  ol  » 
place  from  the  maguetic  wjuater ;  but  thia  ia  only  approximately 
correct.  All  placea  ou  tbe  leoelinic  line  are,  strictly  apeaking,  in  the 
I  same  magnetic  latitude,  and  these  linos  are  only  in  a  general  aensa 


I 
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,  same  magnetic  latitude,  and  these  linos  are  only  m  a  general  aensa  ■ 

k  parallel  to  the  equator.  Admitting  tbe  deBniiion,  and  assuming  Ihs  ^^^M 
^Mirth  to  be  a  aphere  and  tbe  magnetic  equator  to  be  aoincideut  witlt-^^^H 
— -  lJ 


the  dyimmk  equator,  we  may  expreaa  npproximiiUtly  the  dilfet«nt 
purts  of  the  magiifltia  latitude,  the  boriioaud  Force  at  the  ma^eiie 
«]iin1«r  lieing  t&ker  m  unit. 

Hor.  forca-oosin  mag,  lat.  ;  vert.  force=S  sin  m 
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Tutal  Force=  ,^1 4-3 Bin'  mag.  Ut. 
Id  point  of  fiict  tlie  rouge  of  the  total  force  ia  trom  1  to  kbotii 
ami   the  ioci  of  maximum  inleriBitj  ara  not  coiacident  with  tli» 
m&giiEtic  polea. 

Magnetic  meridian.— The  dir^tiou  of  the  doclinatiaii  needle 
at  any  place  reft^rred  to  the  geogiaphical  mnriditui.  Without  great 
care  n  dilfiuulty  tniiy  result  from  the  adoptiuu  of  tkia  tern).  The 
object  of  ite  uae  ib  Biiiiply  todetiue  thatthedirectioD  «f  tlie  boriuuiUl 
componeot  of  the  tfirrsBlriat  tnagnetiani  at  any  place,  indicated  bj  tba 
declinatiou  needle,  ia  referred  to  the  geogmphical  uortli  and  loutll 
as  the  initial  poeitioD.  Olmcurity  is  iutiaduced  by  the  initial  tian 
of  reference  converging  to  one  point,  and  the  isogonie  cutves,  which 
murk  the  changes  of  the  magnetic  meridian,  converging  to  a  diSerant 
point.  In  the  rogioua  adjoining  a  magnetic  pole,  the  nu^etic 
meridian  passes  through  every  change  of  position  ;  and  as  the  initial 
lines  or  geographical  meridians  are  nearly  parallel  for  a  small  ar«i| 
the  variation  passes  through  every  value  from  0*  to  360°,  reckoning, 
for  simplicity,  through  the  whole  circle  in  the  same  direction.  Th* 
some  phenomenon  ia  saen  in  the  neighhoarhood  of  a  geographical  pole 
resulting  fcom  the  relatively  opposite  cause.  Here  the  geographical 
meridian  or  initial  line  itself  passes  through  evei-y  cliange  of  poeitioD  : 
anil  if  the  declination  needle  be  moved  in  a  small  circle  round  the 
geograpliicat  pole,  it  will  remain  parallel  to  itself  for  a  smatl  area, 
and  hencB  the  variation  will  here  also  assume  every  diSeront  valoa 
irom  0°  to  360". 


UEigiietlBm  of  SMps. 
Magnitude  of  Stars- 
Mantissa  iL,  "overweight"),— The decinial  part  of  n  logarithm. 
In  the  tnl'lp  of  uomlnou  lognritlMtis,  wlioae  Inae  is  10,  the  cliiLrBOt«r- 
isticaare  mniLtcU  aad  tbe  m&ntiagit  only  given.— 9ee  LogarithlllS. 
Map(L.  "wappa,  "adothi"  hence  Sp.  inapa;  It.  wiu/'^nwiWn, 
UiB  world  «prend  out  like  a  u  apt  in).— A  representalion  upoii  u  pliinft 
of  tome  portion  tii  the  Biiilai.-e  o(  a  spliere,  on  which  are  Irftced  iha 
•  pftrtieularl  reqatieit,  whether  they  be  puiuts  or  linea.  A  spherical 
■urf&ce,  however,  can  by  no  contrivunce  be  either  "  develupad  "  or 
"projeoted  ''  into  u  plane  without  uihIilb  enlBrgement  or  cotitroution 
of  lOQiB  of  lU  pnrls.  This  is  immalerial  wheii  ouly  Hmall  portions  of 
the  apfiere  are  to  l>«  deliueated,  liut  when  large  tracts  are  to  b« 
nwpped  down,  the  diaturtion  in  moat  cases  is  consiJerable  Hud 
uuMuvenient.  There  are,  however,  diOerent  methods  of  projection, 
.the  defacta  of  eoine  beiug  the  reverse  of  those  of  otheri,  and  aome 
•;r*t"Hi'  (^re  apeciiilly  adapted  for  certain  purpoacB.  The  word  map 
ir  a  general  term,  bnt  it  has  also  a  more  limited  aense.  Regarding 
the  euth'a  aurfaee,  the  word  "  map "  is  commonly  confined  to 
delineationa  in  which  the  land  is  the  priucipul  aubjeot  of  conaidera- 
tlon— the  mnp  of  the  geographer  ;  and  it  ia  then  diatinguished  from 
»"  chart,"  in  which  the  uu/n-ie  the  principal  axibjec 
— the  map  of  the  bydrographer,  [See  Obart.] 
inclodes  delineationa  of  the  celeaCial  sphere. 

Mariner's  Oompass.-A  conipass  fitted  for  na«  or  bou-dahip. 
AcMirding  lo  the  purpose*  (or  witlch   it  i)   apocially  adapted, 
n»l«led    tlie    .SUrrin'j    OiIN/m»»,    //.'   AJmulh  Compiu,     Uit   Sla«-UiM 
Compa»t.~%ini  nnder  Compass. 
i ^   ^ 
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Marks.— The  deptlia  of  Che  le&d-liDs,  vhioli  >ra"iQ^k«d  " 
having  u  ilislingiiisliiiig  piece  of  le&tber,  conl,  or  btmtiug  rovB 
througli  Iha  »triiiitt>.  Thoy  are,  tha  10  fatlioiM  (I»ther  with  k 
rouud  liole),  20  fnlhams  (piece  of  cord  with  two  luioU),  and  three 
intenneiUate  to  each  of  these— the  3  fathom  (leather),  6  (white  rag), 
7  (red  rag);  the  13  (hlue  rug),  16  (white  tag),  (7(redia|{).  The 
vtarki  are  diitiuguialisd  from  tha  dtepa.  Wheu  the  Ie«d  gives  oaa 
of  Iht^tto  BDuadiiigB  the  "leadamoD"  calls  il  out  «s,  "  By  fie  mark. 
",  —  See  I,ead-llne. 

Mars  loaiiied  after  tlio  Roman  god  of  war).— The  superior  planet 
coiiiiug  next  iu  position  to  the  earth,  and  being  fourth  in  the  order 
of  distance  from  the  via.  lis  actual  diameter  is  a  little  more  than 
one-half  that  of  our  globe,  'i'he  apparent  angular  diameter  of  Uta 
voriea  from  4"  to  18",  and  it  can  be  distinguiaheii  by  its  ted  mad  fiery 
apjiearanoc.     Il  is  atie  of  the  "  luuar- distance  "  bodies.     Symlral  •!• 

Masthead  Angle.- See  under  Angle. 

Maxima  and  Minima.  (L.  "  the  greatest  and  the  least"). 
The  iimiimni  values  of  a  varying  quantity  are  those  which  il  hu  at 
the  Dionicnt  wheu  it  cousea  to  inoreaso  and  begins  to  deureaBS  ;  iLs 
minima  values  those  which  it  has  at  the  moment  when  it  ceases  to 
decrease  luid  begins  to  increase.  The  terms  do  not  refer  bo  the 
Absolute  grealtwt  or  leaal  value  of  which  the  ijUHUtily  in  Busi.'eptible. 
Gxaliijile :  \\'hen  the  barometer  risBa  and  then  falls,  its  height  at  the 
change  is  a  niasinium,  oveu  though  it  should  sulwei^acntly  attain  a 
greater  height ;  when,  after  falling,  it  commences  to  rise,  the  height 
at  the  cliiuige  is  a  mmimum,  o'iBtt\.W>i:^v*-A.*Wiuld  aubeeqao 
to  s  gccuioe  extcut. 


Maximum  (L.  "the  greateat "),  —  A  value  which  &  varying 
quaotity  has  at  tlie  nionieiit  ivhen  it  ceksea  to  iucroaae  aniJ  begiiis  U 
decreue  — See  Uaxlma  aod  Minima. 

Mean  Level  of  the  Sea.— The  middle  pUne  between  thfr 
levels  of  high  and  low  vrater.— See  XiOVel  Of  the  Sea. 

Mean    Sun.— A    fictitious  sun    which   i 
ontfomily   in  the   equiuoctial  with   the 
mean  velocity  the  real  bud  lins  in  the 
ecliptic.      The  mean   lun   fiiniithes    u« 
witJi  a  uniform  meaaare  of  time,  and  the  i 

need    (or    the    conception    arises   from         /■ 
kpiinrent  boIot  time  being  variable.    The 
appiiieiit  Bolar  day  ia  variable  from  two 
causes — (1)  the  variable  motion  of  the 

•im  iu  the  ecliptic,  and  (2)  the  ecliptic  not  being  perpendicular  tc 
axis  of  the  earth's  rotation.  (I)  The  earth  movea  in  an  elliptic  orbit 
(EKTF I  round  the  sun  in  one  of  the  foci  (S),  and,  by  a  law  oF  Huch 
motion,  sweeps  out  ecjiinl  areas  (as  ESE'  and  FSF'),  and  therefor*  I 
desuribes  unequal  angles  as  (ESE'  and  FSF)  in  equal  tiineg,  Ecnoc 
the  lUD  appears  to  move  Eomctlme*  faster  and  someLinica  slower  in 
Uiu  eclijitic  (degcribing,  for  example,  ee '  and  ff  unequal  urea  in  equal 
Umee).  He,  iu  fact,  at  one  time  describes  lui 
•ru  o(  57'  in  a  day,  and  at  another  time  aa  much 
•«  61'.  This  will  cuuae  the  apparent  solar  day 
lo  vary  In  length.  (2)  But,  again,  even  suppos. 
Ing  the  motion  of  the  ami  iu  the  ecliptic  to  lie 
miilonn,  this  circle  is  not  perpendioulnr  to  t)ie 

axis  of  tlie  eartJi'a  rolatiou,  and,  caiiaei|iicntly,        '^''. 

«qnkl  Area  will  not  rablend  equal  ftnglen  «A  \Ve 


pole  of  llie  )ietiv«ii»,  suuli  kiiglas  lumuuriui;  eijiutl  iutervitl*  of  timo. 
Let  XX'  uid  V  V  be  eqiiftl  krca  of  Lbo  ecUplic,  the  Conner  ueu  Iha 
cqiiiuoctiftl  poinl  ( T  )>  wh«n>  tli*  ««liptic  u  inclined  to  tlie  eijuinoctial- 
Bt  Ml  angle  ol  about  23'  27',  uitl  the  latter  in  the  viuiuily  o[  Uw 

■nUlitml  |H>tut,  wliere  the  two  cirdei  are  pumUel. 

circlea  PXj:,  I'X>'  wid  r\'i/,  I'Vy;  llieu  il  is  aviduiit  tlm 

Bt  tbo  |Milo  j-l'j  uudyPy',  or  theconeapondingariaof  tlieeqiUiw 


Tbe  uoLuouLiou  betweeu  llio  true  and  mem  lun  ia  establiahed  ■ 
foUowB  ;  Iniajjiue  t>  alu-  to  move  ktoiig  the  ecliptic  with  the  nisan  or 
kveiKge  motiou  of  the  true  suu,  the  two  itATtuijj  logether  from  the 
«itrenuty  of  the  iiiujor  axis  of  the  ellipse.  Let  uiir  fictitioiu  boh 
to  move  iu  its  uniform  courKO  along  the  eqniooclinl  thut  it  and  th« 
atar  may  oroM  the  ftnt  ]>oiiit  of  Ari«  together,  at  which  lime  tbe  Una 
■im  will  be  n  little  nhead.  The  true  uid  the  meaa  sua  will  iii<ver  be 
U-Uehlmr,  but  four  limM  a  year  they  will  be  on  the  same  decliualion 
circle  ;  the  oqaation  of  time,  which  ia  the  diSerence  between  the 
right  EMcensioni  of  Uiu  two  suns,  will  therefore  vauieh  four  time*  « 

Mean  Time. — Time  in  nhicli  the  nult  of  doratioa  ui  u  me*n 
solar  liny,  the  length  of  which  is  the  average  of  the  dsys  throughout 
tbe  year.  Its  iapae  is  astronomically  definni  by  the  motion  of  tlia 
fietitiuus  point  called  the  Mfan  Sun.  —See  Time. 

Mepcator'a     Chart. — A  chart  couatructed 

projection  calleil  aft.er  its    [ortiol  inventor  I 
Latin  equivalent  of  whose  name  ia  Mirtator  ("  merchant 
born  in  KHsCnandcrB  in  151'i,  uid  firat  publialied 
Ju  thia  cbnrt  nil  liie  ineri(\iB.ns  are  v=-".\\is\n4\i\.\^ 


of  loiigitud-!  ore  all  s<]ua1 ;  the  p<irn.l1etB  of  Intitudo  are  &t  right  Auglas 
to  the  iiieridi&ni,  aod  the  degree*  of  luliludB  iiicreasa  in  length  from 
the  equator  to  the  pole  io  the  same  proportioa  oH  the  degrees  of 
longitude  dscrenie  on  t)ie  filohe.  It  will  be  seen  at  niiue,  from  ths 
tnMliDer  in  which  the  meridiiuia  are  projected,  that  a  spiral  on  tlis 
globe  which  cuts  them  at  a  coneUiit  angle  (the  rhumb)  will  Iw 
projecMd  OD  the  plane  into  a  straight  line.  It  is  liiia  property 
irhich  readers  the  Merca tor  projection  so  invaluable  to  the  nuTigntor. 

Though  KauHrnnn  made  his  degrees  of  latitude  increase  with  their 
tiiatance  from  the  ei^untur  he  does  not  uppear  to  have  known  the  law 
which  regulates  them — That  Me  ina-tmenfi  of  Iht  ineridiaa  {  tho 
small  portion!  by  which  it  is  successively  increiised)  ixny  aa  iIik 
aecantt  oflht  lalititde.  Thifl  characteristic  of  the  true  oliart  waa 
discorercd  by  EiUoard  Wi-ighi,  an  Englishman,  about  1590,  and  was 
commimicatcd  hy  him  to  Mr,  0funi'en>if/e,  who  published  it  in  l^H. 
Wright  gives  it  in  his  "The  correction  of  certain  Errors  in  Navi- 
gation," 1599.  The  perfection  of  the  chart  depends  upon  the  degrea 
«f  accuracy  to  which  the  Table  of  Meridional  Parts  is  constructed. 
This  hiu  advanced  with  mo{Iem  mathemfitical  science,  and  more 
extended  geodetic  meosurenienlA.— See  Meridional  Parts. 

Mercator  Sailing.— A  method  wliich  completely  solves  Ihs 
problems  of  spherical  mailing,  and  which  is  characterised  by  the  use 
of  the  faU:  vf  Mtridiwuil  ParU,  and  the  chart 
canHtmcted  by  nieaos  of  it  called  MtiX'itor'i 
Ch-rl.  With  the  assistance  of  tliis  table,  the 
mici  of  plane  trigonometry  sHifloe  tor  the  solution 
of  all  the  problems.  lu  the  triangle  CTD.  let  C 
U  the  course.  CD  the  distance,  CT  the  true 
iOsreiica  of  latitude,  TD  the  departure ;  ^lien. 


I 


ci/rrespomliDg  lo  CT,  the  Tklile  of  Moridional  Pwla  gives  CM  the 
ineriJiatml  difTerence  of  latitude,  and,  completing  ilie  right-uigteJ  , 
tiiaofile  CML,  ML  will  be  the  difference  i>(  lougilucte.  In  addition, 
then,  to  the  thme  canons  oi  pl«nf  miting  Kliich  can  be  deduced  troin 
the  triangle  CT1>,  the  triangle  CML  given  the  ohoracteriatic  a 
of  Mrreator  tailing  (aioce  ML  =  CM.  ton  C). 


Diif.  long. = mer.  diff.  lat.  x  tui  a 


Mercury  (called  after  the  Roman  god  of  iiiorcliaudiitel.- 
tlie  inferior  planets — that  which  revolrca  ne 
which  it  never  Httains  a  greater  angular  digtance  thou  about  28°.  It 
isBcldom  visible  to  the  naked  eye,  and  then  only  at  EunriBeandtaoMl. 
Its  actual  diameter  is  about  two-Githa  that  of  the  earth  i  the  apparent 
BJigulur  dianieter  vorics  from  5"  to  12°.     Symbol  5 . 

Meridians  (L.  tnertifif*  from  merfiM*  rfiiu,  "mid-day").  If  we 
consider  the  eaitli  a  sphere,  the  meridians  are  great  circles  of  the 
earth  pn«sing  through  the  poles.  They  are  so  colled  beoaase  they 
mark  all  places  which  have  noon  at  the  same  instant.  They  ore 
secondarira  to  the  iiquator,  and  on  them  latitndaa  are  I'ecboued  nurlh 
and  south  from  that  primitive.  They  mark  out  all  places  which 
the  same  longitude,  and  are  hence  catled  "  Circ/u  o/Jot'gifWe."  It 
is  tuual  to  consider  each  tcmirircle  juining  the  two  poles  of  tlie  earth. 
OB  a  meridian.  The  above  delinitiou  in  only  correct  if  the  eartli  v 
i-egardud  as  a  sphere.  If  we  take  into  account  that  the  mrth  ui  on 
oblate  spheroid,  it  must  be  replaced  liy  the  following  :  Meridians  ara 
curves  which  are  the  sections  of  the  earth's  surface  by  plooos  passing 
iJirough  tlie  two  poles.  These  oiirvcs  are  ellipses,  whoso  major  and 
minor  axes  ore  reqwctively  the  equatorial  and  polar  dijuneten «(  U 
«art^ 
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Meridian  (Terrestrial)  of  an  Observer.— Tha  ecciioi 
ths  uuUl  \i</  a  pliLiie  pauiug  tlii-ougli  tiie  polos  uid  the  aUtioi: 
Um  observer.  If  llis  earth  is  regarded  ns  s  iphsre.  this  lecUon  . 
great  circle  ;  if  it2  splieroidal  figuie  is  takeu  into  occouot,  tliesect 

Meridian  (Oelestial)  of  an  Observer.— The  great  circle  sf 

the  fclealial  concave  iu  whioli  tha  plane  of  the  terreetrial  ineridiaB 
indetinitely  extended  interseita  it.  It  is  the  circlu  passing  throngh 
the  elevated  pole  of  the  heavena  and  the  zeuitk  of  the  observer.  Bj 
the  rotation  of  tha  earth  tlic  observer's  meridian,  like  the  horiton, 
■weaps  daily  from  weat  to  east  acrosa  the  heavenly  bodiea  projeot«d 
on  the  celestial  concave.  If  the  eitrth  be  conceived  to  be  at  reat, 
meridian  ii  a  fixed  circle,  and  nil  the  heavenly  bodies  aie  can 
»cro«a  it  in  their  diurnal  conrsea  from  east  to  west.  It  ttina,  as  it* 
■tame  expreasea,  serveB  ils  a  circle  of  reference  tor  the  diurnal  molions- 
of  the  heavenly  bodies  ;  great  circles  of  the  heavens  co-axial  with  it, 
and  pnBsini;  thrnugh  these  several  bodies,  are  called  their  "  hoor- 
circles."  We  mnst  carefully  bear  iu  mind  the  distiuction  iu  tlw 
pbraaw- "the  celeatuil  meridUin  of  an  oJ«eruEr  on  the  earth,"  "tha 
hovr-cirele  of  a  keaeeiily  fiody."  With  reference,  however,  to  tha 
diurnal  motion,  the  meridian  is  conaidcrei  the  initial  puaition  of  tha 
hoor-airi'les,  which  thna  mark  oat  at  the  pole  "  hour-auglea,"* 
rackoeing  wostward.  The  celealial  meridiau  iiiteraccts  the  hcrizon 
in  the  north  and  south  points,  and  its  poles  are  the  east  and  n 
point".     The  celestial  meridian  is  oft«n  simply  spoken  of  as  "  3%^ 

Meridian  Line, — A  meridian  line  is  the  line  iu  which  the  pi 
of  the  inuiidlBii  uf  any  alatlou  iuteraecbl  the  plane  of  the  sens 
borizoD  i  it  meets  the  celeatial  hOriiMU  IU  Ui«  uqiAXi  %&&.  wyo)^  V" 


fP^E^l 

Meridian  AlUtude.~The  meridian  iJtiuide  nf  &  buvn^H 

ttisiDgenenllheficifrjf  nUitudewLichthebodyatUiusmtUdiuni*! 

teut  Altitude.    The  meridiui  allitude  ii  eaiily  olwerveil  at  m*  I^^H 
theMKtant.  wlieu  the  body  comes  to  the  meridiuiiuiniiigeappwI^^H 
to  rcmnib  stutionary  for  a  short  timeaud  then  to  "  dip."                 ^^^| 

Ueridian  Distance-— The  dlffereDCe   iu   time  Iwtn-een   iS^I 
moridiuiia  <>F  1wuptiii;eB.    This  is  an  applicaUoii  of  tlie  tfirtu  "  iUat«tiM  " 

of   Chrimivi'irii-    rufrrr.nee   hi   U.ing  much  more  npproprlntfl.  — Sm 

LouKltudB ;  Difference  of,  In  Time. 

Meridian  Zenitli  Distance.— The  m«ridia»  nenith  diamw  .  i) 

of  a  heavenly  body  ia  ita  y^iiilh  diatuace  when  ou  the  meridian  of  J^H 

Meridional  Difference  of  Latitude.— The  quantity  w^^H 
beai'9  the  Bsme  ratio  to  the  difference  of  latituile  thul  the  dilTvrenM  ' 
of  longitude  bean   to   the  departure.     It  ia  the  projeolion  of  th« 

from  the  '■  Meridionnl  Purti,"  by  the  use  of  a  t^ble  of  which  i^^ 

foimiL                                                                                           ^^M 

Meridional  Parte.- At  the  equator  a  degree  of  Iniigitu^^H 

(auppoaiiig  the  earth  to  be  a  perfect  sphere)  the  degreea  of  latitud**' 
remain  the  same,  tlie  degrees  of  longitude  become  less  lu.rl  luit.      In 

crerj-whem    of   the  same    length,   mid   therefore,   to   prtsene  Ih* 
proporuoa    that    exiaU   *t    i^Bvunv  pa\\»  <»\  V^v*  ««iU'ii  surtaw 

L                          .»„...„»,. 

1       betweeu  the  ilegreua  of  Utiluite  and  the  degreiw  of  longiLiiilb.  th«  . 
former  must  W  ipcreosed  from  tbeir  natiiwl  lengths  more  und  more  > 
u  we  recede  from  the  equator.     Tin  lengths  ol  BmiJl  portions  of  tha  "• 
meridiui  thlU  incroiUHid,  eipreued   in  minutes  of  tiie  equiitor,  are 
ciillBii  "meridiouiil  piirts  "  ;  and  WieM'-rvUonulFnTtufeTHnyla'-itfuU  ' 
iH  the  line,  exprBBsed  in  minuUs  (of  the  equator),  into  whioli  the 
latitude   u  thus  expanded.      The  roeridionft!  parts  computed   for 
every  miuute  of  Utltude  from  O"  to  00'.  form  the  Taitif  o/ilrridional 
ParU.  which  is  chiefly  used  for  Gudiog  that  merldioual  differeuce  of 
latitude  in  nolving  problem*  in  Mercator'i  sailing,  aod  for  oonalmcting 
«hBTt«  on  Iho  Mereator"B  projection.     The  value  of  the  mBridioaat 
pute  may  be  obtained  appproximately  from  the  formula^ 

Mer.   pari*  for  T  =  ain:  0  +  aec.  1'  +  sec  2*+  .  .  .  .  eeo  (f  -  1')  s 

parta   was  computed   by  Gdvard   Wright  in   1594.       The  integral 
calculni  now  furninheH  the  meane  of  finding  the  meridional  part* 
correctly,  the  fonnuk  obtained  being— 

Mer.  part,  tor  r=  I^^i^iog,.  tau  (45°  +  -^  J. 

Meridional  Projection  of  the  Sphere.-A  projection  of 

the  sphere,  whether  orthographic,  BlereogfaphLe,  or  central,  in  «Lieh 
the  primitive  or  plane  of  projection  eoiucides  with,  or  is  parallel  to, 

Meteorology  (Ok.  t4  jwrt^pa,  "things  in  the  air";  >.6y«.  "• 

phenomena  ;   fur  the  uavigitor  it  ia  the  science  of  the  wind*  and  tho 

weather.     Tlie  various  subjects  of  which  it  takes  coguisauca  wiU  b« 

t     iii>licat«d  by  the  mention  of  some  of  the  priucipal  inslruuiejits  nud. 

816  HII>DU-IJkTITUI>E  SAILIHO. 

Thtrm-iiHHer  (Hk.    rt  Stppir,    "beat"),   tbe  temperature;    &Dd   lh« 

L    Ji]/yritjii«trr    (Gk.     ri    iypi*,    "moiiture,")    tlie    moistnre    of    Ihe 

I    •tmoiphcre  j   the  Anem^meUT  (Gk.   irciwt,   "  wind  ")  indicAte*  the 

I     ■tT«tlgth  and  velocity  of  the  wind  ;  and  tba  P/iivianufcr  ( L.  ^uiwi, 

"  rain  ■')  gftugos  the  rain. 

M6tre  (Fr.,  from  Gk.  lUrptir,  "s  in«tiaure"|.— Ths  Fkvnolk  I 
atkndard  metuure  of  length,  being  the  t«ii-millioiith  part  of  th*  1 
quadrant  of  the  meridi&n.  The  other  tnewures  of  l«nglb  ttv  ra 
to  ihia.  the  whole  ayBtem  being  decimal  i  Lutiu  preBxea  nxe  uaed  to 
iudickte  divjaion,  Greek  pioSxes  multipUeatioii.  Thua  a  dteimitn 
{dtttm,  "ten";,  is  the  teath  of  a  nijilre;  ».  ceiilimitrt  {entian,  " 
hundred  "I,  the  hundredth  part  of  a  mitre  ;  «  miUitHitrK  (mlUe,  " 
thouaaud  "|,  the  tbouaandth  part  of  a  m^lra.  Again,  a  (Jscamtf 
(B^na,  "lou")  ifl  teu  metre*;  a /i«ioHi^rr  (;*»t4*, '■  a  htwdred")  i» 
ODD  hundred  metres ;  a  kilometre  (JclXioi,  "  a  iholuoiid "),  one 
tl)ouaand  mitrea ;  a  tayriamitrf  (/nvxAt,  "  ten  thoiisan<l "),  Un 
thouiMnil  iiiitraa,  A  uiitra  ia  equal  t>  39'3T0TS  English  inahea  ;  and 
from  thi«  utl  the  otJier  French  metunrea  may  be  obtained  by  ebifting 
the  deoirtml  point. 

filiddle  Latitude.— With  reference  to  Iwo  p'auee  aituated  in 
the  (ame  hemisphere,  the  middle  latitude  ia  the  latitude  of  the 
paratlet  jiaasing  midvrny  between  them  ;  ita  Value  ie  therefore  half 
the  autn  of  the  lalitudea  of  lliu  tvo  plauea.  When  the  places  an 
■itUELted  111  different  hemispheres,  the  Biniplo  "  middle  latitude"  ia 
replaued  bj  the  two  "linltlatiiiulcs"  of  each  ut  Ihi' places. 

Ulddle-Latitude    Sailing. — An    npprox.iinai«   method  of 

.  Bolving  uerlaiu  ciixes  of  apheriuiii  Bailing,  fonnded  Oli  tlie  ooliaidoration 
I  that  the  arc  of  the  partt\Ul  oi middle  kliludo  of  two  plaoea  iiiterceplod 
\  hetweea  iJioir  meriJiana  ia  iieBi\^  e^is-^  ^«  **  issMWi**.     If  the 


ship  IB  coDceivad  to  tail  aloog  thia  middle  parallet,  we  mny  apply  tha 
principle  ef  parallel  tailing  to  the  canes  in  point.  In  parallel  uiltng 
the  departure  (or  distance)  and  difference  of  longitude  ace  connected 
by  the  relation, — 

Dep.  =  di£  long,  x  coilal. 

When  the  ship'*  coune  lies  obliquely  acrou  the  meridian,  making 
good  a  dilTereDce  of  latitude,  a  modificstiou  of  tbii  formula  gjvea  the 
formula  for  middle-latitude  sailing, — 

Dep.  (nearly)  =  diff.  long,  x  cob  mid.  lat.  ; 
or,  in  logaiilhnii, 

log.  dep.  =  log.  diff.  long.  +  L  cos  mid.  Int.   -  10. 
In  the  proof  of  the  fuudameotal  principle  of  middlt-Utitade  Miliug 
two  cases  inuat  be  couaidered  separately— (1)  VVbon  the  pl»cc  from 
and  the  place  in  ace  oo  the  same  aide  o(  the  equator,  aud  (2)  Whan 
tliey  are  oli  diS'erent  aiden  of  it. 

1.  Let  the  two  places  Z  and  Z'  be  in  the  same  hemisphere,  Z. 
being  nearer  to  the  equator  than  Z'.  Draw  the 
parallelB  Zp  and  Z'p'  through  Z  aud  Z',  and  the 
middle  parBllel  «t  i  m'.  Then  the  departure 
between  Z  aud  Z'  is  Icaa  tbnu  Zp  aud  greater 
tbsn  p'  Z' ;  and,  in  the  cases  whers  middle 
latitude  sailing  is  applicable,  the  defect  on  oue 
aide  is  not  very  dilTerent  to  the  excess  on  the 
Other  and  they  are  assumed  to  be  eqnal.     Hence  mxm'  may  bo  taken 

a  Approximation  for  the  departure,  especially  for  short  dtstaneei ; 
and  as  far  as  the  departure  b  ooncorned,  and  consequently  tha 
diflerenoe  of  longitude,  the  ship  may  be  supposed  to  iiave  sailed 
•long  the  por&Uel  nint'.    Ilius  the  caM  U  t«dua«l^A  ^n&aVvu^imv 
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2.    WliBD  the  two  |.lu.-e*  Z  luiil  ;!' iire  jii  diffrrent 
their  UtiludoB  being  of  diSerent  unuiea,  tlie  middle 
l&tituda  taita  to  {(ive  tui  kra  of  a  psrnllel  wliich  is  aj 
ftpproujtiation  to  tlie  ileparture.    I'racticalty,  Lowever, 
wfaeu  llie  Istituites  Are  of  oontrory  namea,  no  HHuaible 
error  can  Biiie  from  lAkiug  the  departure  itself  nude 
good  from  dny  to  duy  u  the  dilTereuce  of  longitude. 
Cor  greater  distauiMfl  we  lusy  consider  aeparatvly  the 
departare  made  good  on  eaoli  tide  of  tlie  equator,  i 
thence  find   the  difference  of  longitude,  though  the 
plan  [aila  for  the  oon  verse  probleui.     Tbua,  let  Ibe  rhumb  line  betwsen~ 
Z  and  Z'  cut  the  equator  iu  £>,  and  let  iiA  be  the  are  of  the  pantUel  of 
the  bulf  latitude  of  Z  iutercepted  between  the  meridiuis  of  Z  and  U 
and  ii7>'  the  are  of  the  parallel  of  the  half  latitude  of  Z'  ititenwpled 
between  the  meridiana  of  Z'  and  t>.      Then  by  previous  case. 

nh  is  an  approximation  to  the  departure  iu  saitiug  Etom  Z  to  (< 
and  h'ti'  do.  do.  C  to  27 

.■.nh  +  h'n'  do.  do.  Z  t«  Z" 

Heuce  it  will  b«  seen  that  we  can  thus  deduce  th«  difference  of 
Imigitude  Qi>  +  f«  Q' ;  but  uuoTurwily  w«  caiiuot  dud  the  approi- 
iinnte  dapartnre  n/i  -I-  h'n'  from  the  diffeience  of  longitude  QQ*, 
■inse  ths  pnition  of  the  point  I>  ii  not  known.  For  ordluar; 
pnrpoaei ,  when  the  two  latitndm  are  nnnievioally  very  nearly  equal, 
or  very  nneqiial,  correct  enough  reaiilta  will  be  obtained  by  omploying 
ai  the  inidille  Iiititude  half  the  greater  latitude.  In  interinedint« 
ouee  we  may  combine  the  two  middle  latitudes,  K'^^g  ^be  gronter 
weight  lo  thi>t  which  correjpoudB  to  t!ie  greater  latitude,  Tbo 
/uutfaitieilU]  protleinant  iiB.'«i|{^\i\w»in«i.^\«tta>to^Utc1y  (though  oiiljr 


are  in  parallel    ■ailing   by    inspaution  o£  tlie  trnverao  Uililoj.- 
SaUinss. 

Mile  (L.  milinre,  the  mille  paiiiiui  "thouannd  paces"  of 
Ronmiis). — The  Romiin  puca  wna  5  Bomaji  [eat,  each  to  about  ll'W  I 
Engliah  inchea.  The  aiiuietit  Roiniui  mile  w&a,  tlierefore,  equnl  to  1 
4842  English  (e«t.  or  IQU  yards. 

Mile,  Bnfflish  Statute-  -The  common  and  aatborixed  inila  i| 
Dsed  by  the  English  for  itinerary  and  legal  purposes.  It 
about  1090  ancient  Romm  paces.  Iti  length  ia  iiicidenlAlly  laid  ^ 
down,  In  a.  Statute  (forbidding  peraont  to  buihl  within  three  "  miles  " 
of  London)  of  the  35th  year  of  Queen  Elisalieth,  m  l>eiug  S  fuilougs 
(a  contraction  for  forty-"  longs ")  of  40  perishes  of  16)  feet  each. 
This  ia  mnre  eaeity  remembered  aa  being  8  furlouga  of  220  yards  e»ch  ; 
&nd  it  is  equal  to  SO  land-surveying  ciiaiua  of  22  yanis  each.  M 

1  statute  mite  =  1T60  yards  =  5230  feet.  I 

i  English  itatuto  mile  "  1-61  Fcenuh  kilomitre.  \ 

Mile,  Geographical  or  Nautical  —The  Otoip-apMcnl  MUe 
was   formerly   delineit   as   "the  length  of  a  minute  of  the  oarth'a 
oitcumferenue  "  :   and  it  in  hence  also  called  a  "  .UiNiiff." 
a*ad  in  tiavigatian,  ami  hence  called  the  ^auti'Xit  Milt,  and  when.! 
used  as  a  measure  of  speed  a  "  knot,"  from  the  manner  by  nhkch  tl 
rat«  uf  •  aJiip  la  obljkiiieil  and  estimated  in  miles  per  hour. 

Tlie  above  definition  of  the  mile  uaed  at  sea,  "  tlio  length  of  k 
minute  of  the  earth's  circumference,"  is  very  iuiuleijuute  ;  liiit 
purposely  here  given  as  a  general  nnd  preliuiinary  one  to  eiplaii 
diflerenl  valuea  auigned  to  the  nautical  mite  in  hooks  on  navigatiw 
which  are  very  perplexing  to  the  mariner.     It  waA  luffiu 
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at  the  pole  it  is  6107  99  feet.     If  we  define  the  nautical  mile  u  "  tha  ' 
mean  length  oF  a  iniiiuU  of  latitude,"  ita  value  would  thua  be  about 
6077  fcot.  Jamri  Iniiiaa  uaea  6075-5  aa  the  value  of  "  a  maan  nautioal 
iiiitB."     Hem-y  Raptr,   for  the  purpose  of  computing   a  TaLle  of 
'    Depression,  finds  "  the  length  of  the  average  oauticat  inLle  60S2  feet 
(nearly)."    To  ohtain  this  "average  length  "  he  assumes  an  arbitrary 
latitude,  viz.  40',  marking  the  region  moat  frequented  by  ahipping ; 
and,   as  the  curvature  of  the  earth  is  dilfereut  on  the  prime  vertical 
Mtd  on  the  meridian,  ha  employs  the  circle  of  curvature  crossing 
meridian  at  45'  of  azimuth.     In  atimating.  however,  the  length  of   I 
the  "  knot,"  he  uses  ttia  approximate  value  60S0  feet,     //.   W.  Jea 
follows  this  practice.     The  number  60S0  has  been  generally  adopted    I 
as  a  convenient  value  for  the  knot,  aud  '\»  in  general  sufficiently  m 
for  pructical   purposes.      It  is  strictly  the   value   of  a   minute 
latitude  on  the  parallel  of  48°. 

The  nautical  mile   in  use  is.  in  fact,  diHerent  according  to  tho   I 
purpose    tor   which    it    is    employed.      There   are   three    distinob    I 
applications  of  it  in  cognate  branches  ofmaval  soience,  which  should 
not  be  cuufused,  and  for  which  it  ie  desirable  wethonld  have  separata 
definitions. 

1.  Tho  HydTO^raplier's  Uileit  "the  length  of  a  minute  of 
latitude  on  the  parallel  under  treatment." 

2.  The  Navigator's  Ulle  is  "  the  average  length  of  a  minuta    < 
of  the  meridian." 

3.  The  Stlip- builder's  Mile  is  "  the  measured  mile  of  a  fixed 
number  of  feet." 

I.    Hjiitrogr-ijihem  use  every  different  value  of  tjie  geographical    . 
mOe,  and  conatruot  their  local  charts  on  tho  basis  that  the  mile  is  k 
_  W 
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mile  of  iBtitude  on  the  parallel  nnder  trealnwnt.     But,  u  &  miU 
■hould  beundenlood  aiafixed  <|n&atity,  there  U  an  KDomalr  in  >o 
UBiiig  the  t«nu  iinletia  there  is  kuocikled  with  it  a  definite  nieafun, 
■uch  B>  >  mile  of  6080,  or  608S.  or  60SQ  feet,  m  the  case  may  U. 
Our  Barveyore,  therefore,   invariably  make  a  notation  of  this  value, 
which  i>  obtained  from  Geodetical  Tables. 

aa  we   hare  »een.   Iiaa  varied  at  different  periods  with  advanoing 
knowledge  of  the  earth's  form  and  magnitude.     It  ia  that  which 

at  Bua,      In  navigating  a  ship  in  equatorial  and  pokr  region*  we 
■hould,  if  rigidly  aoouratc,  have  to  change  the   length  of  the  knot 

average  nautical  mile  may  be  used  iu  high  and  low  latitudes  without 
feai  of  error  as  affecting  the  ship's  run.     The  mean  ^-aluE  of  a  mile  o[ 
Ulitude,  VIZ.  that  on  the  parallel  of  46°,  is  6077  feet  (  there  smn*  to 
be  uo  reason  why  this  value  should  be  not  nniroraally  adopted,  exe«pt 
tliftl  the  number  6080  commonly  used  is  easily  remembered,  and  th* 
dilTHrerice  resulting  from  the  use  of  the  (wo  would  not  amount  to  one 
mile  in  2000. 

3.   Ship-buildtrt,  since  the  iutrodiiction  of  steamers,  Lave  adopted 
a  uuulical  mile  of  Bxed  value  in  feet  to  teat  a  ship'g  speed.     Tlii*  is 

1                however,  been  defined  by  authority.     The  Admiralty  itaelf  uses  two 

1              an<!  that  at    Plymouth    C0H3  feel.       This  difference,   aa  given  on 
1              the  ciiarts,  may  possibly  be  accidental,  or  perhaps  it  is  a  remnant  of 
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approximiite  geographiiz&l  mile  ol  Che  latitude  of  their  (lookyard. 
Sbauld  a  uniform  "  measured  mile  "  e«er  be  introduced,  it  wanld  ba 
denrable  to  uiimikte  it  with  that  which  is  aftflrwarda  Died  la 
logging  the  rate  of  a  ship  at  sea. 

Miles,  Geographical  and  Statute.— The  length  of  the 
kvvtage  geographical  mile  being  l30TG*82  and  that  of  the  Engluh 
otatute  mile  5280  feet ;  we  have — 

I  Geographical  milo  =  1-151  statute  mile, 
1  8tatut«  mile  =  'S6S  geographical  mile. 
The  convergent  fraetioDl  whiab  eipreas  the  ratio  of  the  geographical 
mUe  to  the  ilatute  roUe  are—},  J,  f,  H.  U.  H.  Hi-  etc. 

lUle,  Metrical.- The  French  "kilometro"  (1000  mitrea]  {■ 
■ometimeB  so  cntled.  It  ia  the  length  of  one-hondredth  port  of  ft 
quadraitt  of  the  meridian.  A  kilometre  =  393T0'79  English  inchaa 
=  3281   feet  =  1093  yards  =  '62  stutute  mile.      This  miltf  u  the 

ntne  as  the  Jfij'fe  of  the  Netherlanda  and  the  Utadion  of  Oreeoe. 

See  M6tre. 

MiUcy  Way  (L.  Via,  LacUa;  Gk.  4  voXniioi  icin\as  "Th« 
Oalftij"). — A  luminous  loae  (»arying  in  breadth  from  5°  to  22*) 
risible  on  a  clear  night,  which  may  be  referred  to  a  great  oirole 
of  the  sphere  named  by  Sir  John  Herschel  Tht  Oalaclic  Circle.  This 
circle  ia  inotioed  at  an  angle  of  about  63°  to  the  equinoctial,  which  it 
cuts  at  points  whose  right  ascensiouB  are  Oh  47i°  and  12ti  47'°.  Tba 
phenomenon  is  the  result  of  the  light  of  innumerable  stars  of  every 
magnilade,  from  sach  as  are  viaibla  to  the  naked  eye  down  to  ths 
■mfttlesl  point  of  light  perceptible  with  the  best  telescope.  Tha 
•{ipeatanca  of  these  as  a  belt  is  exphiined  by  the  hypothesis  of  Sir 
William  Henchel  tlial  the  grouping  of  the  stars  of  oar  firmameut  U 
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ill  the  fomi  of  a  Bti'alimi,  of  whioh  the  thiclcDeu  u  taiaM  iu  compiruoD 
wich  iu  lougLh  and  lireadth,  &ud  that  the  sulor  ajaUm  U  aituatod 
Bomewhere  about  the  tiiidille  of  its  thiukueai.  A  visukl  t»j  traverailig 
from  tlio  edge  of  aueli  a.  knuna  would  pSM  through  more  attut  thMi 
one  perpend  icul&r  lo  the  lamiaa. 

ThepriocipaluieofthcMJIky  \Vay  tothe  wamui  lies  inttaaald 
it  aSbrda  him  in  lecogniiinglhe  Btnrs,  eBjwcially  <>□  a  brigbt  nielli 
when  it  il  more  difficult  than  uaital  to  aingte  out  the  body  requited 
for  au  observatiou.  The  tdobI  coiivenieut  way  to  study  it,  in  tudh 
bemiaphere,  is  to  take  for  our  attbrtJng  point  the  spot  where  it 
approaches  neBrest  lo  the  pole  ;  B.ad  it  so  hnjipcus  that  in  both  caiM 
tbja  in  marked  by  a  conapicuona  eaaily  detected  couHteliatioii. 

Norllitrii  iUraiiphere. — Cassiopbia's  Cuaih  is  situated  near  Um 
■pot  where  the  OaLixy  paEgsvs  oluseat  to  the  North  Pole.  From  thia 
point,  if  ire  follow  it  in  the  direotiou  of  the  diurnal  tnotion  of  the 
benvena,  it  paaaei  through  Cepheu*,  aeudiug  offaepur  towarila  Ibi 
Pole  1  in  Cj/gaua  it  divides,  unites  ayaia,  aud  then  aeparalea  into  two 
branches.  The  branch  ueareit  to  the  Pule,  after  pa^iug  to  thoMUlll 
of  Lfra,,  teriniiiat«B  uear  a  a,nd  ^  OphiucHi.  The  other  brooch  piMM 
through  Aquita,  then  widens  out  till  it  come*  to  Sagiltariut,  and  *t  7 
Sagittarti  it  suddenly  collscta  iuto  a  Wvid  oval  about  GO'  in  l«optli 
and  4°  in  breadth,  the  prodact  of  upwards  of  100,000  stara.  A 
parallel  patch  here  appears  in  Scorpio.  If  ve  now  return  ta 
Cassiopeia  and  advunce  in  a  direction  contrary  to  the  diumal  luDtion 
of  the  heavens,  the  Way  paaBei  through  Ptrtfiu,  where  it  sends  offan 
o&hoot  to  a  coaaiderable  distance;  then  it  pusses  uear  Auriga, 
batweeo  Tatirtii  aud  Otmini,  and  between  Qri'un  and  Canit  Miner ; 
miter  bending  round  Siriiw  mi4  Mtftint  tii*.'i«»,o.ch  coar^Pu/ 
Argo  it  opens  out  into  s.  -wiie  taa-Wso  6i.^T*ti.««\-s1!S  « 
Which  termimttea  *\>r«pUy.  «u4 * -.^i' «^^  <»-««**- 


Soulhim  Heiiii»phen. — The  Sodisbrn  Cross  is  situnted  near  th« 
spot  where  th«  Gttlaiy  pftises  closest  to  the  Sonth  Pole.  Here  nlso 
U  ona  of  its  moat  remarkoblo  black  patchea,  causeil  by  mi  eulire 
kbience  of  atars.  Tliia  spdce  is  of  nn  irregulAr  pcnr-ahapeil  form 
abOQt  8°  iu  length  uid  6°  in  breadth  ;  suoh  a  stiiking  objot  is  it 
that  the  early  n&TigatDrs  called  it  the  Coal  Sack.  From  thin  |)ointi 
if  we  follow  the  Way  in  the  direction  of  the  Diurnal  motion  of  the 
heaveoB  we  soon  come  to  Avjo,  to  which  locality  wa  have  traced  it 
from  Cassiopeia.  If  we  proceed  from  the  Coal  Sack  iti  a  direction 
contrary  to  the  diarnol  motion,  the  Way  paaaoa  Crulaurut,  then 
widena  out  and  luhdivideB  into  several  irregular  brauohea  and  patches 
Vhich  permeale  ScorpiQ,  To  thia  locality  we  have  also  traced  It 
from  CAaHiOFBiA. 

HilUmdtre  (L.  milU,  "k  tbouuoid";  Fr.  jiMrt].—A  Frendi 
meaaure  of  length,  being  the  thonaandtfa  part  of  the  mitre,  and  equal 
to  -039  Euglisb  inch. 

MtuJTpiiTn     (L.    "the    least"), — A    value    which    a    varying 


quantity  has  at  the  a 


—See  MExima  &nd  Uiniuja, 


it  when  it  ceasea  to  deoreeae  and  begins  b 


Minute. -A  imutical  mile 
meaa  length  of  a  minute  of  latitude.  A  mi 
conversely  called  "a  mile,"  which,  however, 
while  the  mile  is  of  invariable  length,  the  n 
on  different  parte  of  the  meridian.  Great  a 
to  coll  a  minute  of  longitude  "  a  mile."  as  thi 
of  very  diAerent  lengths  in  different  latitudes. 

AtOQSOOQB  (Arabic  and-  Malay,   motteem,  "a  year"). — A  term 
originally   used  for  the  periodie  winda  of  the  Ittduu\  Oc«wx,\]ra.H.-ba« 


BO  called  aa  being  tha 
ule  of  latitude  is  often 
<  Dot  quite  correct,  na, 
nute  of  latitude  variea 
•e  should  be  taken  not 
minute  of  longitude  it 
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nUmded  to  inolnde  M  oarraoti  of  the  atmospheia  caused  u 
muuier.     They  are  for  the  most  psrt  trade-wind*  deflected  si  stated 

■eoBODB  of  the  year,  and  sre  found  in  regions  where  the  sun  in  ons 
part  of  his  course  is  vertical  over  Urge  tracts  of  arid  land,  and  at 
anotlier  part  of  his  course  orer  large  tracte  of  sea.  Thus  the  Africsn 
monsoon*  of  the  Atliuitic,  the  monsoons  of  the  Gulf  of  Mexico,  and 
tlie  Uexicao  monsoons  of  the  Pacific,  are  caused  by  the  trade-windt 
which  are  turuod  or  deSected  to  restore  the  equilibrium  which  the 
overheated  plains  of  Africa,  Utah,  Texas,  and  New  Mexico  hava 
disturbed  :  and  similarly  in  the  Indian  Ocean,  where  tba  monsoon 
phenomena  are  developed  on  the  grandest  scale,  their  range  being  the 
whole  expanse  of  northern  water  that  lies  between  Africa  and  the 
Philippine  Islands.  The  heat  of  autnmer  creates  a  disturbauoe 
in  the  atmospliere  over  the  interior  plains  of  Asia,  whicli  is  mors 
than  Hufficient  to  neutralise  the  forces  which  would  cause  a  regntsT 
Dorth-aaat  trade-wind.  Tlio  north-east  trade-wind  is  arrested  ud 
turned  buck,  and  the  result  is  a  *ootb-we*t  monsoon,  which  continoe* 
for  six  months  from  April  to  October.  During  the  other  six  monthi, 
from  October  to  April,  these  causes  oet  in  concert  with  the  trade- 
wind,  and  what  in  other  scoa  would  be  called  the  north-east  Iradst 
i*  in  this  case  called  the  nurlli-east  mousooo.  The  south-weM 
monsoons  commeuoe  at  the  north,  and  "  back  down,"  or  work  their 
way  towards  the  south  ;  thus  they  lot  in  six  or  eight  weeks  earlier  at 
the  tropic  of  Cancer  than  at  the  equator.  The  change  from  the  one 
to  the  other  is  accompanied  by  violent  rains,  with  storms  o 
and  lightning.  It  is  this  south-west  boiaterous  wind  that  is 
tpoken  of  as  The  UOQaoOQ, 

Moon    (Sox.    iHona:    a.twioa'*'"' 
which     H-ordB     are    eometiine*    Vo 


•cfcnujrap/iff/— The  Bacouclary  piiuet  or  BataUite  of  the  eurth, 
leTolfing  in  au  orbit  rouod  the  earth,  beiiig  at  the  same  time  curried 
with  it,  auil  participating  in  its  motion  rauud  the  sun ;  tbe  autual 
crbit,  therefore,  which  the  moon  descrihea  in  ipoue  is  very 
complicated.  The  maou'a  distance  from  the  earth  ia  nbout  60  tinioi 
the  earth's  radtiu,  and  her  actual  diameter  2IS3  miles.  But  it  i* 
with  the  apparent  nrbit  of  the  moon  and  reaultiag  phenomeBH.  Iier 
kppsrenC  Bile,  the  effoct  of  her  proximity  tu  an  oliservBr,  and  with  her 
inflaeace,  that  the  practical  navigator  is  cbietly  concernerl. 

The  apparrni  orbit  is,  speaking  geoerally,  a  great  circle  of  the 
heaTens.  like  chat  which  the  son  nppeam  to  describe  round  tbe  earth. 
In  this  ciroie  the  moon  seema  to  advance  rapidly  among  the  stars  with 
a  movement  contrary  to  the  diurnal  revolution  ot  the  beuvens. 
Prcfjreasinf;  sometimes  quicker,  BomeliiDcs  slower,  ehe  complEten  ths 
tour  of  the  heavtni  in  au  average  period  of  27<l  T>i  43™  1 1  '5<  .  'I'bta 
motion  among  the  stars  is  the  foundation  of  several  important  methoila 
tor  determining  tbe  longitude,  "  lunar  distances,"  "  occultatioiis, "  and 
"  moon -culminating  atara." 

The  apparent  tliamffrr  of  the  moon  variea  with  her  distance  from 
the  earth,  the  greateil  value  being  33'  31',  and  the  least  2ff  22*. 
The  semi'itianietBr  is  one  of  tbe  corrections  to  be  applied  to 
observationi.  The  propinijaily  of  the  moon  to  tbe  earth  also  cauaea 
her  ptoca  as  seen  from  different  places  on  tbe  earth's  surface,  to  differ 
from  her  place  as  seen  from  tbe  centre ;  hence  the  pamllaj 
considerable  correction  in  reducing  apparent  elements.  The  i 
valne  of  the  horixoalal  parallax  is  &7'  1  'B". 

The  lunar  iajliienct  is  most  couspicuuns  in  the  phenomena  of  ths 
4adBB,  in  ths  oalculutions  of  which  the  lunar  element*  OMOfy  the  moab. 
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prominent    plaoe.     Ths    only  other  poiat  to   be  ailuded  to   i>  ttie 

the  [.111  mooo.                                                                                                               J 

Moon,  A^  of.— The  eUpaed  portion  of  t.  lanatton  which  U  tiw^l 
period  from  new  moon  to  now  mcjon,  the  averflgB  length  of  a  lunatiOD 
being  29J  day>.     The  moon's  age  ia  given  in  the  "  Niutieai  .Umsmic" 
p.   IV.,  of  the  month,  for  ererjr  meui  noon  nt  Greenwich  ;  and  hetiM 

it  is  couveuLont  to  ho  able  mBiit»lIy  to  oJcnkte,  without  refennioe  to 
booka,   what  wiU  be  the  approiimote  fkge  of  the  moon  on  lome  (nture 
duy.     The  followiog  method  wUI  be  found  ueeful.                                       _ 

Fii  Bl— Obtain  the  JSpact  for  the   Ttar,  or  nge  of  ths  moon  on  tt<^| 
prt»;ediDK  Slst  Deoember.     This  is  giren  in  the  >'  Nftutiol  Almuuo,*^! 
*nd  in  very  nearly  1 1  duya  inoru  enoh  year  Ihui  in  the  preceding  ;  it 
liii.y  therefore  bo  alwsya  praotionliy  found  by  adding  U  to  the  epaot 
of  lust  year  and  rejeoling  30.  if  neoesatxj. 

January.     In  Janaary  a  Inoution  ii  taken  as  equal  to  29  days,  in 
February  to  30  dayg  :   for  March.  May,  and  July,  it  ia  taken  at  39 
dayi ;    aud  for  April  and  June,    at  30  days  ;    aa  a  lunation  ii  not 
aCDUrately  29)  days,  it  ia  fonnd  better  to  distribute  thu  error  eqniU^^— 

reiBembered  without  difficulty  after  having  >ecn  them  wHttea  in  t^^^| 

oba„rvod  thiit  the  only  odd  &gat«>  UU.Wxm  'Con  <:f$>^^^^^^l 

L 


Jan,  (1)  Feb.  (2)  Maroh  (3) 

O  2  O 

AftiX  (4)  Mav  (5)  June  (6)  July  (7) 

2  2  4  4 

Aug.  (S)  S«p.  (9)  Odt.  (1(1)  Not.  Cll)  Dec.  (12) 

6  7  8  0  lO 

Thirdly.—ro  Iht  Bpactfor  the  Ytar  add  (he  Epacl/or  Iht  Month, 

and  then  ihe  Day  o/tht  ifunih,  and  reject  30,  i/nfugaary.     EicaniplM. 

—Age  of  moon  on  Jane   12.   1882  =  II  +  4  +  12  =  27  daya  ;  this 

therefore  wu  not  a  moonlight  ni^lit.      Ai;e  of  moon  du  .Auguat  I7i 

1883   =   {II  +  11)  +  6  +  J7  -  30  =  15;      this    was    therefore     a 

mooalight  night. 

MoOq'b  Phases  iCik.  ^<r.t,  "noftppeanioca").— 'I'liemaon  U 
KD  opaque  body,  an<.\,  beioj;  iUumiDatail  on  one  sulu  by  the  sun,  reQeotfl 
from  its  surface  in  all  directions  a  poitiou  of  the  light  lo  received,  and 
thna,  as  leen  frnu  the  earth.  prcBunU  through  the  couree  of  a  lunar 
month  different  iwpecta  ;  these  nru  culttd  her  phnaea.  Let  0  be  the 
earth.  A,  B,  0,  etc.,  various  pOBitions  of  the  moon  in  her  orbit,  and  S 
the  BUn,  whose  ibstnnoe  is  bo  v.-ut  that  rays  of  light  to  all  parts  ol  the 
moon'fl  orbit  are  very  nearly  parallel.  Then,  wherever  the  moon  is  ia 
her  orbit,  that  heiniephere  towards  the  lun  will  be  bright,  and  ths 
opposite  heniigphere  dark  ;  but  the  face  turned  towards  the  earth  will 
in  general  be  partially  illuminated,  the  remainder  of  the  disc  being 
only  faintly  viaible,  if  visible  al  aU.  lu  the  position  A,  when  in 
CDDJunction  with  the  aiin.  the  dark  part  of  the  raooo  ia  entirely  turned 
toward*  the  earth  at  0.  and  the  bright  aide  from  it.  Here  the  moon 
i*  not  seen  (roin  tliu  eai  lli ;  it  is  now  said  to  thaagr.,  and  i<{  called  the 
When  she  comes  to  C.  half  the  bright  and  half  the  dark 
hemiiphere  are  presented  to  O,  and  the  same  is  the  case  Jo  the 
oppoaito  situation  U ;  these  are  respectively  called  the/ra'  and  fAIrd  . 
fHortefi  of  the  moon,     ^giiiu,   when  at  K,  in  opposition  to  the  saBr  I 
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tlie  whole  of  the  bright  h«ri^| 
■phere  ia  towards  0  uidtM 
whole  of  the  dark  tide  from  0, 
Kod  it  ii  DOW  Jiilt  moon.  In  the 
pOBition  B  the  portioD  of  tbs 
bright  (ace  pretented  Id  O  will 
be  leu  than  half  the  due.  thii 
viaihle  portion  increaiing  fram 
A  to  C.  Hsre  the  appeusnce 
of   the   moOD    ia  dcaoribed  m 

u,   "  inoreoaiiig"}.     In  the  correapoading  position 

1  ia  uuniny ,  her  fonn  i>  the  ume,  though  diffrrentlr 
Che  poiitiona  D  and  F.  the  portion  of  the  bright 

0  will  be  more  than  half  the  disc  ;  and  here  tha 

ibe  at  gibbova  (L,  gibbat,  "a  Bw«lbiig.'*) 


ertKtnt  (L.  ere» 
H,  where  the  m( 
placed.  When  : 
face  presented  t 
appBnr;inoH  is  dsf 

Moon's  Horizontal  Semi-diameter,  Augmentation 

of. — WbeD  a  celestial  body,  whoBe  diatauce  bears  a  delimte  ratio  to 
the  radJQ'L  of  the  earth,  ia  in  the  zenith,  it  ia  nearer  to  the  apectatt^ 
by  the  eartb'i  aemidiameter  than  when  it  ia  in  tlie  horiioa  ;  hence  its 
apparent  magnitude  ia  largeit  when  in  the  leaitb.  Thia  increase  of 
apparent  diameter  due  to  increase  of  altitude  ii  aenaible  in  the  case  of 
the  moon  only,  ber  diataiice  not  bearing  too  great  a  ratio  to  the  earth's 
tadiuB.  The  moon'a  aemidiaaieter  pat  down  in  the  "  Nautieal 
Almanac  "  ia  computed  on  the  aup]>oiittoD  that  the  spectator  ia  at  the 
-centre  of  the  earth,  and  ia  the  mine  as  It  would  appear  when  in  the 
horizon  of  any  spectator  cin  the  surface.  When  ahe  is  between  the 
horizon  and  zenith,  her  apparent  Hemidiameter  is  aomeKhat  greater 
than  thnt  wbicb  is  taken  out  of  the  "Nanticsl  J 
correction   to  be  added  is  g>iMi  la* table  m 


Mood's   Horizontal  Semidiameter " ;    its  (greatest   vittue   being   18*. 
Thia  correction  ia  calculated  bj  the  formala : — 

Aag.  =  2  R.  coaac  (z'  -  p}  sin^  coa  (z*  -  | 

where  R  =  moon'a  horiMintal  semMiameter, 

li  =  moon's  apparent  zeoith  distance, 

P  =  moon's  parallax  in  altitude, 

=  lior,  par.   x  cos  (app,  alt.). 

When  the  lun  anil  moon  are  near  the  horizon  their  magoitudeaappnir 

to  bs  much  grafter  than  when  they  a.re  at  a  coDBiderable  altitude  ;  aad 

so  all  constellations  of  the  stars,  as  the  Great  Bear,  appear  to  ocaupj 

a  muoh  larfjer  space  when  iu  the  vicinity  of  the  horizon  than  whao 

nearest  the  aenith.     This,  however,  is  an  optical  illuaion,  asi 

taken  with  inatruments  prove. 

Moon's    Semidiameter,   Contraction  of.— When   t 
moon   is   near   the  horizon  her   disc   ansuinBS  an  elliptical  form, 
conseqnonoB    o£   the   unequal    eQoct  o£    rrfraction.     If,    tliorefore, 
diatsDce  be  observed  belween  another  body  nnd  the  moon's  liffib  wl 
lier  oltitade  is  low,  before  applying  her  semidiameter  its  value  must  ba 
oorrected.     Let  6  be  the  angle  which  the  line  joining  the  centre  of 
ot^r  body  and  that  of  the  woon  mnkes  with  the  horizon,  r  the  moonii 
radius   in  the   direction   of  thia  line,  u  lier  railiui  in   a  horizontal 
direction,   b  her  radina  in  a  vertical  direction.     Let  A  he  the  altituda 
«t  the  moon's  centre  and  i  the  difTi^rence   of  refraction  for  altitudM 
(A  +  b)  and  A,   which  can  be  taken  from  the  Table  of  Refraction!. 
Tben- 

Correction  (o  -  r)  =  S  sin'  6. 
Uoon's  Horizontal  Semidiameter  and  Horizontal 

Parallax. — The  values    iif  the  HemMiampter  and  parallax  when 
moon's  centre  is  in  the  horizon,  — Seo  Horizontal. 
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Moon- Culminating  Stars.— Stan  which,  being 
mouii'ii  parullel  of  ileuliuution,  and  not  difftriag  mach  fr 
righl  ftscension,  are  auitable  to  bo  obsecved  with  the 
detcrmiiii!  difference*  □[  meridiiui.  Tliis  is  effected  by  com] 
diSei'tiire*  of  the  olxerved  right  uuengioiia  uf  inch  a  ala 
mootrg  liriglil  limb  at  uiy  two  meridians,  such  diOereiiees  v 
T«uou  of  the  tnoon'a  rapid  proper  motiaii.  Knowing  tl 
iacreiue  in  right  aaceDsiou,  we  umy  thus  oatily  luid  llie  dil 
long  i  tilde. 

SlotiOH,  Proper.  — Strictly  speaking,  the  proj>er  mi 
heavenly  body  wonld  be  that  dne  loiti  own  movemeDt  aadiit 
from  itA  apparent  chnnge  of  place  reaulting  from  a  chai 
positiuu  of  the  spectator.  The  term,  however,  il  technioktl' 
Boch  total  motion  of  the  body  iis  is  iudependeni  of  the  effe 
Mrth's  rotation  on  her  axia.  Thux.  the  proper  motion  of  I 
bii  motion  ID  the  eidiptie  ai  diatmeaiahed  frotn  bii  nu 
dinniil  parallel  1  though  the  former  IB  the  reeult  of  the  earth'a  I 
in  her  orbit,  just  as  t)iB  latter  is  of  her  rotation  oa  her  axia. 

Nadir  (Arabic ;  compare  Ger.  tiieder,  Eng.  nelAi 
Interior  pole  of  the  celeatial  honzon.  It  is  the  p<ai)t  ol  thi 
vertically  under  a  apectator'a  feet,  the  vertex  of  the 
hemisphere.  The  nadir  is  dUmetrioally  opposite  to  thi 
Term  anw  but  seldom  used.— See  Zenith  and  Nadir. 

Napier's  Dlag^ram  and  Curve.— A  metbodofgre 
and  Tulue  for  extending  and  utilizing  the  results  of  a  limited  ■ 
obaeivjitiong  for  representing  the  deviation  of  a  ship'*  nom 
Oomplcto  Table  of  Deviations  may  be  drawn  up  by  its  aid,  & 
furnishes  tlie  meaus  of  deducing  by  inspection  the  magnef 
sorreaponding  to  a  given   compass  coune,   or   the  compai 


corrf  ipondjitg  to  &  given  magnetic  uQurse.  The  Diagraiii  ia  engraved, 
And  copies  are  ^applied  to  each  of  H.M.  ships  ;  a  full  description  of 
diBgram  and  carve  with  their  naea  will  be  found  in  the  "  Adinir«lty 
Manual  for  the  DevJutions  of  the  CompoBB," 

Natural  Projections.  ^-Perspective  delineations  of  a  surfaoa 
an  a  given  plane.  They  ara  formed  by  drawing  from  the  eye  straight 
lines,  indicating  the  vinual  rays,  through  every  point  of  the  surfaceto 
meet  the  plane.  The  origiiial  and  the  ropresentation  produce  th» 
■tune  effect  on  the  organ  of  vision.  Examples — the  orthographic, 
stereograph ic,  and  central  projections  bl  the  sphere.  Distinguished 
from  Artificial  Frnjecti^nt.—See  ProJeOtlOQS. 

Nautical  (L.  mmtiau,  Gk.  mi/riKi! ;  L.  nauta,  Gk.  vot^,  "m 
navigator  " ;     L.    navii   Gk.   coDt,   "  ship  ").— Belonging  to  ship*  | 
petttuning  to  a  seaman's  business.     The  t«rm  is  appUed  in  a  general 
comprehensive  sense.     Thus  nauti<:a{<etai««  includes  the  two  brancliM  J 
of  navigation  and  teamaHthip,  I 

"  Nautical  Almanac  "  {Arabia  ;  at,  the  article  ;  manali,  "  to 
reckon  "). — A  worli  published  by  the  Admiralty  for  the  special  use  of 
•eamen.  It  was  projected  by  Dr.  Maskelyne,  Astronomer  Royal,  and 
first  published  by  the  Board  of  Longitude  for  the  year  ]  767  ;  in  ito 
present  approved  form  it  appeared  in  1S31.  The  "  Nautical  Almanac  " 
ia  brought  oat  four  years  in  advanoe,  and  contains  all  the  elements 
required  (in  addition  to  those  observed)  in  celo-uavigation,  for  the 
practice  of  which  it  is  an  eMenttoI  appliance.  Besides  the  information 
nec«siary  for  a  navigator,  tlie  "  Nautical  Almanac "  contains  the 
register  and  prediction  of  the  phenomena  which  are  the  subjects  of 
astruiiomical  science  generally  ;  in  fact,  its  full  title  is  "  The  Nauticid  j 
Almanno  and  Astronomical  Ephemeris."  M 


The  "^iiKTican  yaiiliml  J/moitnc"  Usubstuili&lly  the  m 
that  portiou  of  OUT  D«D  iDlendad  for  the  pr&ctic&l  use  of  naTig 
It  tru  lirit  published  for  the  ys&r  1855.  By  Act  of  Congrtu 
meridiui  of  tho  obHervutory  at  WnehiugUm  wu  decreed  a 
AmericftD  meridiui  foi'  utrunoniicii,!  {mi-poaeB,  but  tho  merid 
Greeawicb  wu  retainod  for  all  nautioiLl  purposes.  Tbb  l>w 
the  BubdivietoD  of  "  rii«.4nierii:&u  Ephemeris  nnd  Nautical  Ainu 
•nd  to  the  publicatiou  of  two  teparnte  volumes.  The  first  coi 
all  the  infomuitiou  oeoeasary  for  navigation,  and  is  published 
years  in  advuice. 

llie  title  of  the  French  Nautical  Almanac  is  "  Coniiaiiaai, 
Tempi." 

The  Oermon  Nautical  Ahnanac  "  Brrliner  A»ln>noti 
Jahrbuch,"  is  especially  valauble  to  astronomers  for  the  atti 
giTCD  to  tho  Ephemcrtdes  of  the  minor  planets. 

Nautical  AstrODomy.— Astronomy  in  iU  appUcati 
navigniiiiii,  It  bm  been  usual  to  distinguish  by  Lhie  term  that  t 
of  the  science  of  navigation  which  calls  in  the  aid  of  aatrono 
determine  a  ship's  plitce  by  finding  the  zenith  from  observations 
beaTenly  bodies.  Tho  objection  to  iU  being  thus  applied  is  t 
implies  a  branch  of  the  acieuce  of  astronomy  rather  than  a  brw 
the  acienoe  of  navigatiau;  "astronomical  navigation "  would 
more  correct  though  a  cumbrous  pht«H.  We  suggest  the  ftdi 
of  the  term  cclo- navigation  for  this  branch  of  the  science,  diatiui 
ing  the  other  aa  geo-nuvigation.— See  Navigation; 

Nautical  Day.— See  under  Day. 

Navigation  (L.  iiaviyo,  "losail/'fromOk,  vaC^f,  L.  ttai 
ship";Gk,   dyu,   h.  ago,   "  t«  lead,"  "drive,"  "deal  witt.Jy|g 


J 


NAVIOAtlOH, 

■ciBnee  whioh  tresta  of  the  determitiation  of  a.  ship'*  pl»ce  ttt  •«■,  and 
which  furnUhea  the  knowledge  requisite  for  Uking  o.  ship  from  one 
pikce  to  uiother.  Tbo  tno  fundaineiit>l  problems  oC  oavigatioD  ate, 
thersfore,  tlie  finding  ut  eea  our  preaeut  position,  aud  the  deciding 
our  future  coune.  Tliere  are  two  method*  of  iiavigntion,  which  I 
have  diitinguiihed  aa  {I)  Oeo-navifjalion,  and  (2)    Celo-naBijjatina. 

1.  Ill  Ueo-niti'ij/allon  (Gk,  y^,  '•  the  earth  '')  the  pkee  of  the  ship 
at  sea  la  determined  by  referring  it  lo  aome  other  spot  OD  the  earth'» 
turface,  either  (1)  aoms  known  landmark,  (2)  a  determinate  bottom, 
or  (3)  a  previously  defined  place  of  the  ship.  (1)  The  rudeat  manner 
of  making  a  Toyage  (that  uaed  by  savage  tribes)  ia  by  Coaiting  -,  and 
thia  tequirea  only  local  knowledge,  no  inatrumenta  being  necessary. 
Aniong  civilized  natiooa  also,  when  a  ship  is  in  the  vicinity  of  hind 
ita  posttio[i  is  fonnd  upon  the  same  principles.  In  this  case  its  actiutl 
poaitiOD  ia  often  a  matter  of  vital  importance  ;  and  with  a  guod  chart, 
azimuth  compass,  and  seilant,  aimultaaeaus  bearings  of  two  or  mote 
objecta,  or  the  measurement  of  an  angle,  give  it  with  facility 
precision.  Ci)  When  near,  though  out  of  sight  of  IfuiU,  we  may,  if  we 
pcvsesa  the  resulta  of  good  surveys,  determine,  or  help  to  determino, 
out  positiou  by  consulting  the  depth  and  nature  of  the  bottom  by 
Sounding*.  (3j  When  a  ship  leavea  the  vicinity  of  land  and  stretches 
Across  the  open  sea,  we  can  find  its  position  at  any  time  by  referring 
it  to  some  previous  position  of  the  ship.  For  this  purpoae  we  require, 
besides  a  chart  of  appropriate  construction,  a  time-piece 
interval,  the  log-line  and  glaaa  to  measure  the  rate  of  sailing,  while  the 
mariner't  compasa  also  directs  our  futoro  course.  The  prooesa  of 
thus  estimating  a  ship's  place  is  called  Dead  Ercioniiig  ;  it  has  been 
practised  in  Europe  since  the  end  of  the  twelfth  century,  when  the 
was  introduced.     The  compass  is,  however,  recorded  to  have 
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been  known  lo  the  Chiiisso  in  very  ramoto  nge*.  It  hu  tieen 
cuBtomiry  to  apply  tlie  term  *'  navigation  "  in  ft  restricted  MDga  to 
tlie  method  we  have  deicrihed  *8  "  geo-navigntioii "  ;  but  it  woold  b« 
very  ttdviaable  tliat  this  term  "  navigation  "  should  ftlwnyH  be  used  in 
it*  gsnerio  or  general  lenae. 

2.  Celo-navlgnlioH  (L.  raliiiB.  "  haavBn,"  from  Gk.  inn!\ot, 
"  liulloir  ").  Id  tbia  method  the  position  of  the  sliip  ii  determined  by 
finding  Ibe  zenith  of  the  place  from  obserrntinna  of  tlie  Iieavenly 
boiliei,  and  our  future  couraa  is  pointed  out  by  tlteir  bearings.  For 
thin  purpoM  we  require  such  an  ingtnimeiit  a*  the  «ezt«Dt,  for 
measuring  the  altitudes  and  tailing  the  distaneee  of  the  heavenly 
bodies  ;  and  a  clironoroeter,  to  teil  us  the  difference  in  time  betneou 
the  meridian  of  the  sMp  and  the  Grst  meridian  ;  also  a  precali-nlated 
utronomical  register,  such  as  our  "  Nautical  Almanac,"  the 
"  Connaitmna  dfi  Tempt  "  of  France,  or  the  "  Berlin  Ephemeris^" 
The  solution  of  problems  relative  to  the  celestial  concave  reqiiirasth* 
use  of  spherical  trigonometry,  vrhioh,  therefore,  characterises  in » 
marked  manner  this  method  of  navigation.  The  process  of  estiniating 
a  ship's  place  by  these  meaos  is  called  technically  "By  Obaervation," 
in  contradistinction  to  "By  Dead  Reckoning, "  Celo- navigation  [or 
voyages  away  from  land  is  more  ancient  than  geo-navigation  (AeU 
iivii  20).  Celo-navigation  has  beeu  commonly  called  "nautical 
astronomy " ;  but  this  term  implies  a  branch  of  the  acienoe  of 
astronomy,  just  as  "  nautical  geography  "  would  imply  a  branch  of 
tbo  science  of  geography,  whereas  we  wish  to  speak  of  a  branch  td 
the  science  of  navigation.  Wo  therefore  suggest  the  adoption 
terms  "Cieo-navigation  "  and  "  Celo-navigalion " 
"  navigation  "  and  "  nautical  astronomy  "  ;  the  generic  word  ail 
being  "  KavigatioQ." — See  Sirtbcr  under  each  term.  In  ptw 
both  tba  above  methods  ue  combined. 
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Neap  Tides  (Sai.  majte,  "Bcarcitj").— Tlie  aiuallest  tidea, 
They  lake  pliKe  after  the  san  and  mooD  are  in  qaadrature—j.r.  after 
the  grat  ui<t  third  quarters  of  the  moon— and  are  the  tidea  resulting 
from  the  autioii  of  the  two  bodies  conflicting.  Coutrftsted  with  tba 
neap  are  the  »^riiijy  tides.— See  Tides. 

Needle.— The  muguetised  bar  of  «teel  in  the  marine r'l compan; 
the  earlict  form  (that  used  by  the  Chinese)  being  a  light  tliin  w!r« 
like  a  ■•  neeiUe."     What/.,,™  is  best  liaa  been  a  mailer  of  ci.utnivBrsy, 

impoclwit ;   it  seems   to  be  genarallj  true  that  the  magnetic  povw 
increaaas  iu  a  leaa  degree  than  the  the  friction  with  the  increaM  of 
weight.     Agate  or  niby  capa  to  the  piTOt  are  uaed  to  dimmish  tlw 
friction. 

Nimbus  (L  "  The  Rain  Cloud  "j.-RegardBd  by  Howard  as  one 

Fitoroy.— See  Oloud.                                                                                        ^M 

Noon  fSai./— Accordingtothekindoftimeconaideretl.noonia      ^H 
the  iuilautwheu  the  "  point  of  deSnition'    ia  on  the  meridian  of  the     ^H 
obaerver.     *l'hua  wheu  sukr  time  \a  Dsed,   A/iparent  Noon  ia   the      ^H 
inetftnt  when  tlie  aun'a  centre  ia  on  the  meridian  of  the  observer  j       ^H 
Mtan  jVoo'i  is  when  the  mean  sun  ia   on  the  meridian.      Noon  ia     ^H 

ia  made  the  commenoement  of  the  civil  day.                                               ^^^| 

Normal    (L,  wrma/i.,     from  norma,   "the  aquare"   used  by    ^^M 

builders).— Perpendicular,      The  term  ia  uied  in  geometry  tor  the      ^^ 

X                          J 

^^^■^^^^^^^^^^H 

^^^^^^^^r^^^^^^^^^^^^^^^^^^^^^^^M 
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Normal  Latitude.— The   angle   which  the    normal    to    Ibi 
*«rth'a  BurfiioB  at  the  Htation  of  the  observer  makes  with  the  pUne  of 

Normal  Centre. -The  point  oo  the  oanh'saxieat  whioh  the 
»ertioftl  fruiL.  the  place  of  oljaervation  mee»»  the  earlh'a  ailt     If  t  ba 
the  iatiWidc  of  tlis  place  of  observatioii :  then. 

Numial-centric  radiua  =  equat«risl  radins  X  (l  +  r — sin*  J).            ^H 

computing  the  correctiptis  in  Intiiir-iiiatiince  observationi.                       ^^ 

North  Point  of  the  Horizon.— The  noWA  and  mrtKApoinU 

of  the  horiion  being  the  points  in  which  the  meridian  luie  na^ta  tha 
cdestial  horizon,    the  oorlh  pomt   ia  that  which  is  nearest  t»  Uw 
north  pole  of  the  heavens. 

North  Pole  oPthe  fflarth.  -(Sax,  .HHTij.-Tbe  pole  to  wkidi 

Earopo  ia  moat  pontiguotis  ;   tha  other  being  the  touth  pol*. 

North  Pole  of  the  Heavens. -That  pole  of  theh«av«iu 

towards   which  the   north  pole  of  the  earth   ta  directed ;  tho  point 
diamelri cully  opposite  to  it  being  the  tauth  puU. 

North  Frigid  Zone.-That  lone  of  the  earth  which  U  con- 
Uined  between  the  north  pole  and  the  wotio  circle  (pat»Uel  of  »boo( 
66°  33'  N-). 

fc^tween  the  tropic  o!  Cmoev  (parallel  of  kboot  23*  27'  N.)  and  ths  J 
mrctio  circle  (paraliel ol  .,\»*^ W  1« -S-V                                     ^M 

OBUQOB  SAILING.                                                     339  ^H 

th«  earth  is  diwded  by  the  eciiiator,  the  norlbtrn  is  the  ona  in  wbUill^^| 

Eurotie  ia  situated,  llie  other  being  tlio  aoullient.                                      ^^| 

NoFthlDg. — The  distaiiuea  ship  DmkeB  good  in  a  north  direction;. ^^^| 

it  JB  her  difference  uE  lutitudo  when  going  northwitrd.     Opposed  t»  ^^^| 

NutatloiL-Seo  Precession  ond  Nutation.                        ^H 

^1 

0.— Of  the  letlera  used  to  register  the  state  of  the  weatiioc  in  the  ^H 

log-book  O  iudicatea  "  OvtTctut—i.t.   Ihe  kUoU  nicy  cwtrtd  with  on^^^^ 

impen-ioiit  cloud."                                                                                                    ^^^ 

Oblate    Spheroid  {L.  oblaliiH,   "compresgeJ").— A  spheroid   ^^^ 
flatt«n<'d  or  depreiaed  at  the  poles  ;  it  may  be  conceived  to  be  gener- 
ated bj  the  revolution  of  an  ellipse  about  ite  minor  axis.     This  is  the 
form  wbicb  a  mass  of  flaid  oistter  rotating  on  an  aiis  assumes,  aud  ia    ^^ 

bcNliei.                                                                                                 ^H 

need  as  synonj-nioua  with  "Oblique  Trianglee  applied  to  Sailing."  and 
treating  of  problems  auch  as  are  concerned  with  the  motions  of  Dion 
than  one  ship,  ns  in  making  a  rendeEvous,  oruiaiug  and  chasing,  the     ^^ 
solution  of  nbiob  involves  obUque  ojigled  triangles.      But  the  proper  ^H 
application  of  tlie  term  rests  on  its  distinction  to  Bigkl  Sailing.     To  ^^M 
quote  Sir  Jonas   Moore's   Work,  (lS8S)—"JtruvIir<i«*on  or  Sailing  fa  ^H 
respect  of  the  Shumb  or  Point  sailed  on  is  aptly  divided  into  ffitfM  ^H 
and  ObUqiU.     Right  Sailing  is  when  th«  ^oswe  \«  va\<nM>io!>.  «^^H 

/ 
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some  one  of  the  four  Cardinal  Points.  Oblique  Sailing  is  wl 
ship  runneth  upon  some  Rhumb  between  any  of  the  four  C 
Points,  making  an  Oblique  Angle  with  the  Meridian."  The  a 
of  the  problems  in  Oblique  Sailing  (in  this  sense)  is  accomplii 
the  aid  of  the  rif^ht  angled  triangle  :  Right  Sailing  does  not 
even  a  right  angled  triangle.      See  Cardinal ;   RllUinb. 

Oblique  Sphere.— The  sphere  in  that  position  in  wl 
circles  apparently  described  by  the  heavenly  bodies  in  their 
rotation  are  oblique  to  the  horizon.  It  is  thus  that  the  motions 
to  all  parts  of  the  earth,  except  at  the  poles  and  the  equatoi 
ohliqut  8phat  is  distinguished  from  the  right  tpliert  and  the  j 
itphfirt. 

Obliquity  of  the  Bcliptic— The  angle  at  which  the 
is  inclined  to  the  equinoctial,  and  which  is,  therefore,  the  o 
between  their  respective  poles.  Its  value  is  subject  to  a  sma 
ation  of  long  period  ;  on  the  Ist  of  January,  1896,  it  was  23**  % 
It  follows  that  the  axis  of  the  earth,  which  is  perpendicular 
plane  of  the  equinoctial,  is  inclined  to  the  plane  of  her  orb 
angle  of  66**  32'  42"  2,  the  complement  of  the  obliquity.  It 
obliquity  of  the  ecliptic  which  is  the  cause  of  the  variatioi 
seasons.  [See  Seasons.]  It  is  also  one  of  the  causes  of  tl 
ation  in  the  length  of  the  solar  day. — See  Day. 

Observed  Altitude.— The  observed  altitude  of  a  h< 
body  must  be  distinguished  from  the  apparent  altitude  and  1 
altitude  —See  under  Altitude. 

Observed  Distance.— The  observed  distance  of  two  h< 
hodiea  must  be  distinguished  from  the  apparexU  distance  and  1 
dlatance,^3ee  under  DistanOQ. 
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OcOUltatlon  (L.  ixtvllfHi.;  "a  hiding  "),— The  hiding  nf  n 
heaveikly  body  from  our  aight  by  llie  iutervoiition  of  aomo  othar 
heavenly  body.  The  cammencemeiit  of  ttia  occiittation,  the  moment 
whan  the  icculted  body  disappea™  behind  the  nearer  one.  ia  called 
the  Immrrtlon  {L,  immrrgiTt,  "  to  plunge  in  ")  ;  the  termination  of 
the  ocoultaiion,  the  moment  when  the  occulted  body  reappears,  is 
called  the  frurrnou  (L.  nnn-rflfre.  -'to  come  out  ").  [See  BcUpsa] 
The  twn  most  important  caaea  of  tlieie  pheoomenn  are  iha  J.au-ir 
Oeevllatiitnt  and  the  Oeenllaliimt  oj  Jiipilei'i  SaltliileM.  I'lirtioulflrH 
for  each  year  o(  the  occultations  of  the  ptaneia  and  fixed  Btara  by  the 
moon  will  1ie  found  in  the  "Nautical  Almanac"  in  tables  called 
"  Elements  of  Oooultationa,"  and  "  Occultiliona  viaible,  etc.,  at 
Greenwich  " ;  tables  and  diagrama  for  the  oacultation  of  his  eatel- 
lit«i  by  the  planet  Jupiter  arealao  given  in  the  "  Nautical  Almanac" 
Occultationa  lielong  to  that  claas  of  phenomena  which  furnisb  kj 
means  (or  determining  the  longitude. — See  under  IiOngltudo. 

Octant  (I-  oclana  "the  eighth  part  ").— A  reflecting  seotor,  t 
limb  of  wiiich  in  the  eighth  part  of  the  circle.—  See  Sector. 

OpbiUChUB  (Gk.  i^niivx'h  "serpent-holder";  from  tf»i,  * 
•erpent";  tx'",  "to  hold";  L.  jeiTww  foWui).^  A  conatellatioi 
the  north  of  .Scorpio  ;  the  largest  alar,  a  OpAiiirAi,  forma  with  rfjiaii 
Allair  nn  e.|uilatenil  triangle.   Mag.  2-2  :  N.A.  1896,  R.A.,  H^  3 


Dee. 


>•  38'. 


Opposition,— Two  celestial  bodiea  are  said  to  be  in  oppoaiUc 
when    their    longitude*    differ    by    180°,     Symbol^.     Opposed   to 
(OBj'unrtioii. 

OrlOD  (named  after  a  mytliicalgianthnuter).  The  moat  brilliant 
«oiiBtellaUon  of  the  heavens,  figured  as  a  man  with  club  and  lion'a 
■kin.     The  star*  a,  p,  y,  n,  are  in  the  fortn  of  &  ^tto.^  t^uAx^SKn^-. 
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a  at  the  north  euet  nngle  being  in  the  right  shoulder  of  Orii 

I  nearest  to  the  Twins  ;  fi  at  the  oppoeite  angle  in  the  left  fc 

the  left  shoulder  ;   uDd  k  ia  in  the  right  leg.     In  tha  mi 

,    I  quftdri  lateral  are  three  Start  of  about  the  second  magniti 

j  I  disposed  in  an  oblique  line  ;  these  form  the  belt  of  Orion,  1 

depends  a  luminous  train  of  small  stars,  colled  the  swi 

I  coDHtellation  is  surrounded  by  a  series  of  the  moat  conspii 

in  the  heavens — AUUbaran,  Capdla,  Cattor,  PoUux,  iVoq 

and  Canopiu.     The  equinoctial  crosses  near  its  middle. 

(Arabic  name,  BeUlgveie  or  Belelguix),  Mag.  (var.)  I-Oti 

R.A.  fill  50",   Dec.  +  "23".    ^  OWonm  (Arabic  oune,  ii 

03,  1896.  B.A.  5i>  10m .  Dec   -  8°  Iff.    I  Orionui,  Mag.  (t 

,       ,  2  7.    1896,   R.A.  6h27n',Deo.   -Via:     .OrionisUthei 

\  I  I  of  the  belt,  Mag.  1'8  ;  1896,  B.A.  5><  Sim,  Dec.  -  1*  16'. 

n  I  '  OrUtographio  Projection  Gk.  iptit,  "straight' 

.1     '  "to  grave  "). — The  orthographic  projection  of  the  sphere  i 

projection  mode  by  straight  lines  at  right  angles  to  the  p 

I   '  piano  of  projection.     The  eye  is  Conceived  to  be  inlinit 

i  I  ,  from   the  sphere,   so  that  the  visual  rays  are  parallel  to  oi 

and    a    diametral    plane  is  chosen   for  the   primitive. — 

Projection. 

P. 
p. — Of  the  letters  used  to  register  the  state  of  the  the 
the  log-book,  p  indicates  '*  raadiig  thovxrt." 

Pamperos.— Winds  blowing  off  the  Pampas,  the  di 
pkios  of  the  south-east  of  South  America.  The  nam 
belongs  to  every  south-westerly  wind  ou  this  coast,  bui 
naage  generally  restricts  it  to  violent  westerly  squalls  w 
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Parallax  Gk.  »op<£XXa^„,  ■' alteration, "  "  Ihe  mumul  inelindUon 
of  two  lineB  formmg  an  anglo  ").— The  apparent  iiiipular  eliiftiiiy  of  m 
object  arUiiig  from  a  cliaiige  in  our  puint  of  view.     It  is  oxpreaMd 
;f.  by  the  angle  aubtendeil  at  the  oltjeot  by  n  line 

joining  tlie  two  Btations.  Tlius,  lot  X  lie  the 
object,  0  and  C  the  Iwo  pointu  of  view  ;  then  the 
-  diBerenae  of  the  angular  ponition  of  X,  with 
respect  to  the  invEtriable  directioD  Z'OC,  when 
ved  from  0  nnd  fcom  C,  is  the  ditr«reii(.-e  of 
the  angles  Z'OX  and  Z'CX  ;  but  OXC  =  Z'OS  - 
Z'CX  (Euc.  1.  32),  i.t.  the  angle  Hubtended  at  X 
tlie  al)pareut  anaulor  iIlBplacemeat  of  thu  bodj 
resulting  from  the  cliaago  of  tbe  observer's  poiot  of  view  ia  moving 
from  O  to  C.  It  U  evident  that  the  nearer  the  ol>ject  the  greater 
will  be  the  amount  of  pHrallactic  motion  for  any  given  chnnge  nf  the 
point  of  viow.  When  tlie  diatance  iavery  greac  id  uompnriBon  with 
tbe  ohange  of  the  oheerTer'a  italion,  the  parallax  is  inappreciable,  the 
place  of  the  objeotjnot  appearing  to  vary. 

In  astronomy  the  term  parallax  tum  a  more  technical  meaning  than 
the  above.  The  apparent  place  of  certain  of  tiie  heavenly  Iwdiea  ii 
different  as  seen  from  different  stations.  It  therefoie  becomM 
DsceBaarj',  in  order  tliat  observationB  made  at  variuuH  alatioua  may  btt 
generalized,  and  put  into  a  state  to  admit  of  their  being  coiopared 
with  one  another,  that  some  conventional  station  should  be  fixed 
upon  to  which  th«y  may  all  bo  reduced.  Parullui  is  defined  as  the 
eorr»Uioa  to  be  applied  to  the  appareot  place  of  a  heavenly  body,  aa 
•vtually  Hen  from  tbe  atutiun  of  observation,  to  reduce  it  to  ita  place 
«■  it  would  have   been  seen  at  that  itutout  fioin  the  coDTentiooal 


■t«tiOD.  Tliere  uro  two  of  theaa  conventional  ceutro,  which  an 
UBBd  iu  different  caaeB  (or  different  purpoMB— the  uaolre  o(  the  eaxUi, 
and  the  oetitre  of  the  sun.  The  correotion  tor  reducing  the  appftrant 
ptaca  of  a.  henTenly  body  as  Bceo  from  the  Hurfaoa  of  the  rarth,  to 
whnt  it  would  hnve  been  hud  the  obaerrer  been  Blationed  Mt  the 
centre  of  the  eartli,  is  disbiuguiBlied  as  the  Gevanlric  or  Diomat 
Paralliix.  Tlie  correction  for  reducing  tlie  upparent  pliu»  of  k 
heavenly  body  ita  •«(>&  from  the  earth  in  any  poiition  of  her  orbit,  to 
what  it  would  have  been  hod  the  oliaerver  been  stationed  at  tha 
centre  of  the  buu,  ia  cbIIuI  the  Heliocentric  or  Annual  ParaUax.  Wilh 
tills  Utter  the  prActJual  imvij^tor  haa  no  concern. 

Parallax,  Geocentric  or  Diurnal.— This  ia  tlie  correction 

to  It'  applied  to  the  npjHiretit  place  of  a  heavenly  body  oa  Kctuall;f 
«een  from  tlie  station  of  the  observer  ou  the  earth'a  aiirfaca,  to  redaoa 
it  to  ila  plaUH  ns  it  would  have  Bpi>eareU  at  that  iiiataut  if  viewed 
from  the  enrlli's  centre.  Hence  it  ia  called  the  Qeoctnlrie  Parallax  ; 
it  ia  ftlao  entitled  the  DiHmai  Pai-aliax,  became  it  goes  throng  Uv 
Murae      of 


within  the  time  tlie 
body  is  above  the 
horison. 

Let  X  be  the  heaven- 
ly body  under  observa- 
tion, 0  the  atjition  of 
the  obaei'ver  on  the 
earth'a  surface.  C  the 
eai'th'a  centre  :  let  Z'  be 
tie  reiiuced  zeuith  of  0,  then  Uie  l\ft«  Z'OC 


with  relict  t«  whicii  tlic  appnreDt  sjigul&r  ohange  of  position  of  X 
i»  referred.  Tha  plni^e  of  X  on  the  celeBtial  concave  &s  seen  from  0  i( 
X,  aad  lU  plftoe  m  seen  from  C  it  re,  a  point  in  tlia  grant  circle  joining 
Z'ftndrinpMitionabove^the  point  i.  Tlien  the  nngle  OXC  (=}i)  ii 
the  par&U&i  of  X  ;  nnJ  aiiicc,  in  all  ciieeti  wliers  Uie  geocentric 
parallax  is  apprccinUo,  the  distance  of  the  Lody  X  vanjaheacomparcd 
with  tho  distance  of  the  celeatlnJ  concave,  the  angle  OXC  ( =  z'Sac  )» 
arc  xx,^  therefore,  in  apeoking  of  the  pamllnx,  either  the  angle  OXC, 
or  the  aro  zi^,  may  be  taken  to  repreient  it. 

Let  r  =  CO,  the  dialAnce  of  the  obaerver  from  the  centre  of  tb*  ] 
terrdtrial  spheroid  ;  D  =  CX,  tlie  distaiicc  of  the  bodf  X  from  ths  { 
aame  centre  ;  z'  the  apparent;  reduced  lenitli  iliatance  of  X  j— then,  in  ' 
the  triangle  COX, 


la  introduced  by  using  the  circular  m 

■■■  i-T''""' 

In  the  partieulnr  aae  of  the  body  appearing  in  the  horizon  of  th« 

observer,  the  uorreaponding  particular  value  of  the  diumal  parallax 

!■  called  the  H-rkaiilnl  ParaUnr-  (  =P)  ;  here  »'=90°  ; 

.-.  am  P  or  (nearly)  P=  Jy         ■     • 

tud  nbaUtnting  thia  value  of  ~  in  ecjualion  {^)  we  g 
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n 


which  is  the  parallax  at  the  apparent  zenith  distance  z',  in  t 
I  \  I  the  horizontal  parallax  and  that  zenith  distance. 

Again,  let  a  be  the  radius  of  the  earth  at  the  equator,  e  tku 
tricity  of  the  elliptic  meridian  of  the  earth,  /  the  latitude  of 
whoso  horizontal  parallax  is  P,  and  let  P#  be  the  Equatorial  Ho 
Parallax,  then — 

a 


/.  p  =  IL  p^ 

a 


=  P^  ^  1  —  e«  sinM        .     . 

From  the  above  formulsB  the  following  oonclusiona  are  dra^ 
From  (7)  it  follows  that  the  nearer  the  body  the  greater  wi] 
parallax.  (2)  For  the  same  body  (/9)  shows  that  the  parallaa 
as  the  sine  of  the  apparent  zenith  distance ;  and  hence,  also 
has  a  course  of  variation  Comprised  within  the  the  time  the 
above  the  horizon.  (3)  From  a  comparison  of  {p)  and  (7)  it 
that  parallax  is  greatest  when  the  body  is  in  the  horizoi 
observer,  and  that  it  vanishes  when  the  body  is  in  the 
zenith.  (4)  The  earth's  radius  diminishing  from  the  equate 
pole,  we  conclude  from  (e)  that  the  horizontal  parallax  deci 
the  latitude  of  the  observer  increases. 

Parallax,  Horizontal.— The  horizontal  parallax  is  1 
ticular  value  of  the  diurnal  parallax  when  the  body  app 
the  observer's  horizon.  It  would  be  a  great  improvement  if  1 
Horizon  Parallax  could  be  substituted  for  "horizontal  ps 
But  the  latter  has  the  authority  of  the  *'  Nautical  Almanac." 
be  the  position  of  the  body  X  in  this  case,  h  its  place  in  the 
M  Been  from  O9  and  he  i>  V^int  in  the  great  circle  passing  th 


W7   , 


and  Z')  the  place  of  the  body  in  the  celeatia!  ooaoavo  M  seen  from  C  ; 
then  Uie  sn^'o  OHC,  or  the  arc  hli^  ,  ia  the  horizontal  parallax  (=P). 
The  anala  COH  w  a  right  angle, 

.-.  .iiiPor(n«rly)P=-l 

b  formula  nhioh  we  deduced  fcom  the  general  one  (?)  o!  the  last 
article  by  making  z'~90*.  It  also  appeared  that  the  hnriiiolilAl 
parellax  ia  the  greatest  value  nf  the  diumal  paTBltaic.  Again  it  woa 
shown  that  p,  being  the  value  of  the  diurnal  Iparalloz  when  the 
apparent  zenith  diatance  of  the  bodf  is  (', 

■in  p  or  (nearly)  p  =  P  lin  c' 
from  whic^h  p  may  be  calculated  when  P  is  known.  .But  oh  the  radiua 
of  the  terreatial  «pheroid  varicfl  with  the  latitude  of  the  observer,  It 
I  necessary  to  ipecify  some  etandaiil  Talue  o(  P  hcfiire  it  cau  be 
*vaiilal)tB  for  general  nae  ;  tliis  rolvie  is  the  Rpinloriai  Hor'asmlal 
Parallax  (  =  I',  |.     ffence,  from  (e),  lost  ailicle, 

■in  p  or  (nearly)  p  =  I',  V  -  '''  ""'  '■  ""  »' 
Thua,   for  exunple,   the   niuon'*   liorizonUl  parallax   given  in   tha 
"  Nautical  Almanac,"  p.   iii,,  is  the  equatorial  horizontal  parallax. 
For  any  other  place  a  snbtractive  correction  must  be  applied  to  this 
which  is  taken  from  a  table  given  in  works  on  nayigation. 

Parallax  In  Altitude.— The  parallax  in  altitude  ia  the  par 
■Jlax  as  it  nffecta  the  altitude  of  the  body  under  obBen-ation.  Strictly, 
the  diumal  paraliai  lukes  place  in  the  great  circle  passing  through 
the  apparent  place  of  the  body  and  the  Teductd  zeuith  (as  Z'xiV), 
parallax  in  altitude  is  auppoaed  lo  take  plnce  in  the  great  cjrcls 
posing  through  the  apparent  place  of  the  body  and  the  f rue  zenith 
(aa  the  vertical  circle  ZxV),  Since,  however,  these  two  circle*  I 
(Z'i<T'  anil  ExiT)  are  nearly  coincident,  and  m  the  parallax  l^\  b 
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■mall,  the  diamal  parallnx  ma;  he  iiied  without  error  for  the  pualhl 
in  altitude  in  all  the  commcin  problemi  of  celo-naTigstioD.      Fonaola 

(J)  thus  becomes 

Parallax  in  altitnile  =  horizonUl  parallax  x  cob  altitnd*. 
The  altitude  here  in  (intt  corrected  for  refraction.     From  tbia  fomoU 
tftblei  have  been  compntcil  lufficiently  accurately  for  correcting  tbi 
apparent  nltituite  of  the  >un  and  the  moon  for  the  oombtned  eSecta  <^ 
parattiu  and  refraction. 

P«niUax  bsing  snppoaed  to  take  ptnce  in  vertical  circlea,  Iha  t«m 
Parallax  in  JUUutle  is  often  uaed,  in  con  trad  istinclion  to  th» 
ffnriximi'il  PanilhfT,  tu  signify  any  value  of  the  dinmhl  p&rallar 
except  Ihnt  which  it  iins  when  lh«  body  is  iu  the  horizon. 

Parallax  of  Sextant.— See  Sextant. 

Parallel  Sphere— The  sphere  in  that  position  in  which  tha 
oirrltB  apparently  described  by  the  heavenly  bodies  in  their  diurnal 
revolulion  are  parallel  to  tlie  horizon.  This  can  only  faappea  to  m 
Bpeotator  at  the  poles.  The  /'amlfc^  ^/iAtre  iadistinguiaheU  fnna 
the  Right  Sphtrt  i.nd  the  Oblique  Spktrt. 

ParallelB  of  the  Sphere. — Small  circles  whose  pl&ne*  are 
parallel  to  the  primitive  great  circle  in  any  syBtem  of  co-ordinatsa, 
each  thus  murks  out  all  points  which  lie  at  the  (ams  diatonea  bom 
it.  On  the  terrestrial  sphere  the  ParaUeU  of  LatiliuU  are  imall 
oiroles  parallel  to  the  equator,  and  each  marlia  out  all  planes  Oai 
have  the  same  latitude  uonh  or  south.  On  the  celestial  aphaiVi 
ParalltU  of  DtrVmaiion,  ParalltU  of  Latitudt  and  ParalhU  <tf 
Allilvdt  are  amall  circle*  wbnae  planes  are  parallel  reipeotively  to  t^  , 
egu/tioctinl,  the  ecUplW,  e.n4Uie\nii\nni,and 


reipectivety  all   points   that  have   the  mine  decliuBlian,  the  b 
lBtitii.le,    or    the    eiLine    iiltitude.— Sue    OO-OrdlliateB    for    the    ' 

Surfaoe  of  a  Sphere. 

Parallel  Sailing.— when  theship'i  track  lies  alonga  ptimDelof 
latitude.  In  this  particular  caee  the  three  uanaoB 
of  plane  sailing  are  unuecesitary  as  distance  = 
departure,  aud  course  =>  90° ;  but  further,  it  ia  a 
case  of  upheriual  salting,  for  the  complete  solution 
of  nhiah  plana  Irigouomotry  BulEcea.  The 
latitude  being  constant,  the  diiTercnce  of  locgi- 
tuds  beam  a  consUnt  ratio  to  the  distance,  aud 
aJt  problems  may  be  completely  solved  by  the  aolation  of  a  ri)tht- 
BOgled  plane  triangle,  and  tlierefore  by  itispection  of  the  tmverM 
txble. 

Parallel  sAiling  may  be  coiuiitercJ  as  the  link  between  plar 
upherical  lailliig;  its  chamcteriHtic  formuhi  U 

Distance  —  difference  of  longitude  x  cosine  latitude. 

This  inoj  be  proved  aa  follows  : — 

Let  Z  and  Z'  be  two  placoa,  P  tile  adjacent  pole,  ZZ'  the  arc  of  ta«  f 
parallel  of  latitude  poising  through  the  two  pluMS,  QQ'  (lie  a 
ponding  arc  of  the  ei(iuiiur    interuepted   between  their   meridioni. 
Then  the  sector.  CyQ*.  OZZ'  being  similar, 

sin  OCZ  =  cos  QCZ 


QQ'      "SJ      CZ 
.■.  ZZ'  =  QQ'.oo8QZ, 
irhioh,  in  logarithmic  form,  i»— 


ir,  Diab  =  diff.  long,  k 


log.  dial.  =1  log.  diff.  long.  -)-  L  coe  lat.  - 10 


I  Mulhig  will  appi;  correctly  enough  fo 
pnuitiad.fW^iMiVtHu  whers  the  ooiiree  i«  oeirly  east  or - 
Id  Iktitndu  not  higher  thau  6*,  when  the  dinimce  does  not  vi 
300  niil«B,  the  departuro  may  be  tued  Ht  onoe  for  th«  differan 
longitude,  the  reaiilling  error  scarcely  exceeding  mie  milcL  V 
the  Disuis  of  determining  the  longitude  were  not  I'l  relikbla  u 
»re  ar>w,  it  "raa  a  common  practiee  first  to  make  the  parallel  ol 
place  of  deatliintion  aad  then  sail  along  it  east  or  west  a«  reqa 
nence  the  importAnce  formerly  iktt;iu1ied  to  parallel  tailing.  - 
Sailings. 

Parallelogram  of  Forces.  —The  moat  important  propoi 
in  mecb:knica,  aud  one  which  the  navigahir  lias  constantly  to  ap[ 

A  single  force  which  i>  capable  nf  producing  the  same  eEFect 
particle  or  rigid  bodyaa  wohIiI  reralt  fmm  the  oombinod  aotii 
several  other  forces,  is  called  their  raaUnat  ;  and  the  constil 
forces  of  the  system  with  reference  to  this  e(|nirBlent  resultui 
called  cumponeaU. 

Tlie  Parnllelogriim  o/Farer*  may  he  thoB  ennnciated ;  —If  two  I 
ai^ting  at  a  point  be  represented  in  magnitude  and  direction  bj 
straight  lines  drawn  from  that  paint,  and  if  a  parellelograi 
oonEitructed,  having  these  two  lines  for  adjacent  sidee,  than 
diagonal  of  the  parallelogram  which  passes  throogh  tha  poll 
application  of  the  forces  will  represent  their  reealtaat  ID  ma^ 
and  direction. 

The  components  are  generally  described  by  the  letters  P  ai 

and  the  resultant  by  R,     A)  lbs  opposite  sides  of  the  paialleli^ 

are  equal  and  parallel,  and  the  opposite  angles  equal,  problem 

tte&ted  hj  the  aoluliOBOta^WaeUiiuigla.    Afewo: 

MDODtioaed, 


""■^I^MJI 
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1,  The  wind  acLiDi;  on  n  9at  snil  is  R.  and  it  mnj  ba  resolrad  into 
P  noting  perpeadiciilar  to  Ihe  aurf&ce  of  the  mil  and  propelllDg 
the  bIiij),  and  Q  noting;  along  the  surface  and  producing  no  cfTect. 

The  component  P  may  l>e  again  resolvud  into  two  sulj-coniponeDta, 
one  urging  the  ehip  forward  in  ths  direotion  of  hor  length,  thu  othw 
caasing  her  to  miAe  leeway. 

2.  The  efTeots  oF  a  ateam  propeller  of  a  vauel  may  be  represented 
I17  P,  and  the  aotion  of  the  wind  by  Q  ;  the  oombinatiou  will  reiulb 
in  R. 

3.  The  combined  effect  of  the  oars  of  a  liiat  mny  be  called  P,  and 
the  action  of  the  current  Q  1  the  rraulting  way  of  the  boat  will  be  B. 

4,  The  magnetio  inSucnce  of  a  ship  upon  a  compaa*  needle  may 
be  repreaanted  by  a  tingle  force  R,  and  this  may  be  resolved  into  two 
coniponenta,  one  P  acting  horizontally,  and  the  other  Q  acting 
vertically. 

Again  the  horizontal  component  may  be  further  resolred  into  tvo 
anb-componeutB,  one  acting  fore  ami  aft,  the  other  athwartehips. 

6.  A  similar  principle  applies  to  velocities,  an  iUoatration  of 
which  will  be  found  in  aberration. 

Pavo  (L-  "The  I'eaoock").  — An  unimportant  conatelUtion  I* 
the  south  of  Sagittariua,  lying  between  the  two  bright  stars  . 
and  Fom'il/iaiif.  The  norlliemmost  etar  ia  a  Pitnumi ;  Mng.  2'I  i 
18M.  K,A.  aoh  I7i".  Deo.  -  57*4'. 

PogasUB  (named  after  a  mythical  winged  hone  of  Iht 
Or«Hlu).— A  constellation,  the  tour  principal  stars  of  which  a,  ^,  y,  9, 
fonn  a  remarkable  square  ;  S  Pegati  u  also  called  a  Andromeda,  Mid 
the  two  other  atari  of  Andromeda,   0  and  ->|,  Vk^tioisc  '^nAlo, 'Com 


I 


kdjoining  li  Feraei,  furm,  with  the  square  of  Fe^^us,  u  group  vnrj 
aiuiilnr  to,  tliough  much  nioro extensive  than,  the  Great  Be«r  lylugon 
Iha  opiKiHJte  Bide  of  the  pote.  Caaaiopeia  lies  e>boJt  miilnaj'  betnvoi 
Polarii  uid  Pegasus,  a  Pf(/(ui  is  the  furthest  from  Andromeda  uiil 
the  weatemmost  of  tlio  constellatiua,  tlierufore  passing  the  meridian 
first,  aad  ^  is  at  the  iiorlherii  angle.  There  are  two  siiiall  stara  tj 
and  f  which  are  parallel  to  this  side  of  the  square  and  aerie  t<> 
idautify  It.  aPej'i«i(M'>.rt,^J,  Mag.  2G ;  1896.  R,.i.  23l>  0>.i.  Doo- 
+  U°  38'.  7  Pcgcui  fAhjtM),  M»s.  30 ;  18M,  H.  A.  Oh  8ra.  Uoc  i^ 
U*  SO'.  S  Pegaa  (oc  a  Awlruiafli),  Mag.  2't :  ISSti,  R.A. 
Deo.  -t-  28°  31'. 

Felorus. — a  dimib-card  iiiBtruinsDt  for  assisting  U>  oaeeHMA 
the  deviation  of  the  compasses  ou  boani  ship,  and  to  set  the  course, 
oonKtru>--ted  and  patented  by  LieuteoaDt  M.  C.  Friend.  R.N.,  and 
W,  Sruwiiing,  iu  1831.  It  may  either  be  fitted  to  the  compaaa  or 
used  iMi  n  «ep»rule  itaad.  The  iastrnmenC  i*  to  all  itileulsand 
purposes  what  is  more  uommonly  calleil  iu  the  Service  a  Bairing  Plait. 
The  appeltaUon  chosen  by  ita  patentees  is  interesting,  especially  aa 
we  have  a  ship  of  the  sams  name.  Palorua  was  the  N.  E.,  oape  of 
IVinacria  or  Siaily.  It  was  always  an  important  land'Hiark  (or 
aoilora,  being  ueiir  the  dangers  o!  Charybjis,  and  on  it  stooJ  from 
very  ancient  tinics  e,  cutebroted  temple  of  Keptuns  fabled  to  have 
been  built  by  Orion.  It  is  iiow  called  Capo  di  Faro,  "  Ught-hooae 
Cape,"  Its  old  name  is  said  to  have  been  given  to  it  by  Hanoibal 
after  the  pilot  of  the  ship  in  which  he  sailed  from  Italy.  Believing 
that  Pelo  rus  had  falsely  told  him  that  the  Cape  woa  in  Sicily  and 
not  a  purt  of  the  moiuland,  and  that  his  intention  was  to  betray  lu<n 
to  thv  Konians,  llie  Carthagenian  (Jeneral  put  him  to  death,  but 
Gliding  tiiot  he  had  Bpikea  ftia  'uaX\\  ta  honored  hia 


I 
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cslliiiu  llie  pramoiitory  after  him.     Tlie  name  of  the  faillifnl  iiilot  U 
(ui  uppi'iipriiiite  term  for  a  card  deprived  of  its  living  nxigiiiit,  but 
wliicJi   liulpa   tu  direct  a»  ou 
Bearing  Plate. 

PereOUa  (named  nfter  a  mythical  hero,  tbs  slujer  of  Meduaa). — ■ 
A.  coiiBtellalion  lying  between  Auriga  and  Taurus  on  its  east,  and 
CMsiupfia  and  Audromeda  on  ita  weat.  Of  its  ttro  principal  stars,  a 
lies  nearly  between  Capella  and  Cassiopeia,  ^  (also  called  (I  iftdiu<a) 
fomw  a  triao^le  with  Capdla  and  tho  Pleiades,  /j  Ptrtei  ii 
remarkable  for  its  periodic  changes  of  m&gnitnde  from  2'25  to  4 
period  of  ten  days,  a  Ptrtci,  Mug.  19  ;  1896,  R.A.  2^  17".  Dec  ■»- 
4r  29'. 

Personal  Brror  or  SciUatlOD.— Different  iudividnals  luLva 
their  pecaliaiitiea  which  materially  al[*ect  the  obsorvatiouB  made  bf 
them.  The  orgun  of  vision  ia  more  refioed  and  specinlJy  educated 
one  pHrauD  than  in  another,  and  the  forming  a  judgment  of  the  eiaeb 
instttut  of  a  phenomenon  is  greatly  influenced  by  the  temperament  of 
the  obierver.  The  error  arising  from  this  cause  ia  called  the  Personal 
Error,  or,  with  reference  to  the  consequent  correction  to  be  made  to 
>ui  oliscrvalioD,  the  Perdonnl  Equation.  Even  when  two  images  In 
contact  are  at  rest  before  two  obmrvers,  one  will  decide  that  th^ 
overlap,  and  the  other  that  Ihey  are  apart ;  but  CEpecinlly  when  tlM 
unages  are  in  motion  doea  such  difference  of  opinion  occur.  Anzuty 
lest  he  should  miss  the  observation  may  lead  a  uervous  ohserrer  to 
think  be  sees  the  contact  before  it  really  takes  place,  while  quickoen 
of  perception  may  be  deficient  in  another  obaervei-.  It  ia  also  totind 
that  tlie  personal  equation  ia  not  conatant  for  the  some  individntl  Kt 
all  times,  but  is  influenced  by  any  cause  which  affecta  the  iierrotu 
synem,    ecpeoialty    the    fatigue    of    continued    observing.       When 


fi.—See  Ootnpass-Oard, 

ro,  tbs  slayer  of  Medusa). — ■  ^h 

.od  Taurus  on  ita  east,  and  ^H 
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'   I    [^  accuracy  is  required,   these  circumstances  should  be  borne  ii 

preparatory  to  observing  ;  and  observations  taken  by  different  p 
■hould  not  be  used  in  combination  until  cleared  of  the  personal  < 
Such  corrections  as  this  are  of  a  refined  character,  and  are  re| 
only  in  observations  made  on  shore  in  an  observatory. 

Plia4Eies  (Gk.  4>d(riSf   **  an  appearance  "). — The  different  a 
Slices  presented  by  the  moon,   the  inferior  planets,  and  Mi 
consequence  of  varying  portions  of  the  disc,  seen  from  the 
being  illuminated  by  the  sun's  rays. — See  under  MOOXI,  Veni 

PllGBnix  (named  after  a  mytliical  bird  of  the  Egyptian 
constellation  the  principal  star  of  which,  a  Pheenici*  (Mag.  1 
situated  midway  between  Fomalhavt  and  AchemaTf  nearly  in  t 
joining  ihem. 

Pisois  AustraliS  (L.  '*  The  Southern  Fish  ").~A  conste 
to    the    south    of    Aquarius,    containing    the    brilliant  star 
FfymalhauL     A  line  through  /3  and  a  Pegasi,  continued  mor 
twice  their  distance,   gives  the  position  of  a   Piscis  Austrt 
FomcUhaut;  Mag.  IS ;  1896,  R.A.  22h  52m,  Dec.  -  30*  IC. 

Place,  Gtoocentrio  and  Heliocentrio.— By  the  Pla 

heavenly  body  is  meant  the  point  on  the  celestial  concave  to  w 
is  referred  by  a  spectator.  This  place  will  evidently  differ  ace 
to  the  spectator's  point  of  view.  For  the  sake  of  gener 
observations,  and  putting  them  into  a  form  fitted  for  comparisi 
taming  them  to  practical  account,  it  therefore  becomes  nee 
to  agree  upon  some  conventional  centre,  and  reduce  all  obeen 
made  at  varions  stations  to  what  they  would  have  been  had  the 
OMde  At  this  centre.  There  are  two  such  conventional  staiiox 
by  MBtronamen — ^the  w^\x^  ol  \.\a  «axV^^  Mid  the  centre  ci  it 


Tbeplftceof  A  heavanly,  Imdy  m  yfeweil  from  the  centre  ot  the  earth,  i» 
«alUd  ita  Geoanlric  Plar.e  (yij,  "  the  earth  ") ;  the  plaoe  of  a  heavenly 
body,  ■■   viewei)   from  the  oentro  of  llie  buu,  ia  called  its  /ir/ioecn/Wc 

Phrc  {ij\iM,  ■•  the  sun  "),-See  Parallax. 

Place,    Apparent    and   True.— The    Apparent  Place   of  ■ 
heiiTBiily  ho,iy  is   the   point   on   the  celestial  concave   to  which  it  is 
referred  liy  an  obien-or  frum  a  station  on  the  earth's  surface  v 
it  lUrough  the  atmosph.re.     The  True  Place  of  o  heavenly  body  i« -a 
the  point  on  the  celestial  oomaivo  to  which  it  would  be  referred  byaa  I 
obaerver  at  the  centre  of  the  earth  viewing  it  through  a  unifonftfl 
meJium.     Let  C  ho  thn  centre  of  the  earth,  O  the  olHarver'B 

X  a  heavenly  body.     Draw  Ojf  the  tangenl 
to  the  visual  ray  from  X  meeting  the  celestil 
concave  in  j^,  and  join  CX  and  produc 
to  meet  the  celestial  concave  in  x  ;  the 
projections   X"  and  x  itra   respectirely  1 
apparent  and  trne  pUoea  ot  X.     They  differ  1 
moat  whau  the  body  is  in  or  near  the  horiion,  | 
and  coincide  when  it  is  in  the  zenith.     Tha  J 
I  is  obtained   from   the  apparent  place   by  applying   tha   1 
I  for  refraction  and  parallax,  the  former  of  whii:h  cans 
o  appear  higher,   the  latter  lower  than  ita  true  place.     Tl 
two  correction*  are  thus  combined,  but  the  differsncs  in  the  natur 
refractioD  and  parallax  must  not  be  therefore  forgotten  ;   in  c 
■equenoa  of  refraction  the  object  is  not  actually  in  the  poaitioi 
which    it   seems    to    be ;    |inraltal    is   merely   a   reduction  of   tha 
«haervationa  mada  at  one  place  to  what  they  would  have  been  tf  made 
at  another,     Bofraotion   Is  independent  of  the  distance  of  the  body, 
but  parftllaz  iscreMea  with  the  ptoiiinity  al  ths  WVj     WoMx*S»a 


body  t 


Sno  pusR  sitUNo. 

body  ia  very  near,  like  tlje  moon,  parnllii  WoiU  to  deprecB  more 
thiin  refiaotioii  tn  raise,  and  therefore  the  moon's  A)>|uirciit  place  U 
lower  llmii  ber  tru«  plu».  Ou  ihv  cualmry,  for  mora  iliiUuit  lioilies, 
■uch  M  the  luti  atiH  pluieti,  refraction  rntaos  more  thiui  piu-jkllax 
dev»^sBb8,  ftnil  tliei'efnre  the  apjMirent  pluce  of  Iheae  l">ili»a  ia  high) 


i.jta 
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Place  of  Ship— So«  under  Foeitlon. 

Plane  Obart.  ^A  vlmrt  connlriiuteil  Du  tlie  auppnaLliuii  ih&t 
earili    is  nu  as  tended  flat  surfnco.     The  meridimi*  me  ilepictcd 
p»r»llel  riglit  liiiee,  and  the  parBlleU  of  latitude  at  right  ou^les  t 
nicriitiaaa ;   the  lougtli  of  degrees  ou   tlie  meridiuia,  eqnivtor, 
paralleli  of  latitude  are  everywliera  equal,  tlie  degree*  of  longitt 
being  rcckdned  oa  the  paraUeb  of  ktitude  ■>  WeJI  aa  un  the  equal 
Thin  delineation  represFUta  very  nearly  the  relative  direcliuns 
dittanoci  of  place*  near  Ihe  equator,  luiil  Bervtu  for  piduti  of  )Kirta 
and  aeaE  in  tliose  regions.      For  higher  lalitades  il  exluliits  truly  nu 
direction*  hut  N.  and  8.,   E.  and  W.,  and  no  disl«oces  hut  th< 
meaiurod  nn  the  moriiliau,  and  hence  the  figure  of  every  portion 
tliQ  lurfaee,  however  Hm&ll,  i*  dUturled.      'I'he  uae  of  theie  chart* 
obsolote. 

Plane  Sailine— The  motliod  of  eolving,  or  partially  BolTild 

prolilcnia  in  naviyatiun  by  meansof  ihefornmlie  of  plane  trigouc 
il  ia  opiH-isf  d  to  tyliefical  lailiny,  which  lakoa  account  of  the  elcni«a 
alfecled  by  the  spherical  form  of  the  earth's  surface.  I'tane 
ro<iiiirei  Uiu  use  jf  plane  trigonomolry  only  j  spfiKrical  Bailing  a 
in  tliH  aid  of  spheriuul  trigonometry,  either  in  thoaotunl  coinpntatiq 
or  ill  the  culistrutitian  of  the  tables  uied.  The  two  general  proUei 
of  DBvigsUrm  are  ;  Ut.  Oivea  \iw  'iK\i>.\^K»  sal  longitude*  of  tw* 
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piftces.  reriiiirad  the  oaaruB  and  itistiinae  Erom  one  Lo  the  other  :  uud 
Sod,  (liven  the  latitude  atid  longitude  of  a.  place,  itnd  llie  uoutbu  biid 
dutanca  from  this  to  another  place,  requireil  the  IntitudanDd  Intigituile 
of  the  Intter.  If  we  attempt  completely  h>  solve  tiieae  pioblems  on  bba 
priuuiples  of  pHna  sailing,  a,  ptiiae  tlmrl  iniiat  lie  luud — i.e.  a  chart  in 
which  Ihe  ineriiliaiu  are  depicted  m  ]iariLUal  right  liaea.  the  parallels  of 
httituila  ilniwD  at  right  angtea  to  Lh«  nieridiHns,  and  the  lenetb  of  the 
degrees  on  the  meridians,  equator,  and  parallels  of  httitnde  are  every- 
where equal,  tlio  degrees  of  loogitude  being  reckoned  on  the  parallels  of 
Latitude  as  well  as  on  the  eqmttar,  The  results  thus  ohtojued 
would  be  very  erroneoits,  except  where  the  truck  of  the  ship  lay  near 
the  equator.  If  however, besides  tlieahoveetemeuta—oourse,  distauca, 
diBTerenca  of  lati^uilu,  and  differeuue  of  lnui{itiide — wa  intraduc« 
another,  the  dojiarlure,  the  problems  of  navigation  may  in  every  oata 
be  ,Holveil  la  a  c^rrfuiii  point  on  the  pruiciplM  |lf 
plane  sailing.  In  rhumb  sailing,  the  co 
4  y'  eonitant,  the  difference  of  latitude  and  depsrtll 

^  are  proportional  lo  tba  distance  on  the  sphersti 

lliey  would  be  on  a  plane  ;  these  three  elemea 
may  thei'efore  be  represenleil  by  the  ■ 
right-angled  plane  triangle,  of  which  oi 
angles  is  the  course,  Hence,  in  Iha 
■blntion  □!  the  problems  of  navigatiou.  plane  lading  fumishes  i 
irltfa  the  following  relatione  between  the  course,  distance,  diffore 
OfUUtade,  and  departure,  which  are  sometimes  c^led  the  "Cauo^ 
«f  pluie  iMiUiig  ' : — 

1.  Dep.  =di«t.xaiu  course 
.'.  log.  dep.=log.  di»t.  +  L»in  ooumu-IO. 

2.  Diff.  Ut.  =diat.  K  cos  course 
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Planetfl  (fik.  ia-Hip  vyiar^TTis,  "  a  wnuileriiig  atar,"  from 
r\a*a(reat  "to  wander ").— This  tonn  originally  ile*i;ribad  nil  tha  , 
haavenlj  bodies  whioh  were  obsecved  to  ohunge  their  fAaie  : 
celsstinl  concave,  in  caotradiatL notion  to  those  whusu  [j<i 
uppeared  to  be  fixed.  The  won),  however,  ia  001?  UuhiiicaUy  J 
reitriot«d  to  iiidiooito  thosa  moving  bodies  of  a  cliitractur  aimJIar  t( 
our  own  globe,  which  revolve  in  orbits  about  ths  sim  of  our  system.  | 
They  shine  by  the  reHei^tiou  of  light  received  from  the  1 
principal  planets,  in  the  order  of  their  distances  from  the  sua,  with  I 
their  symbols,  are— Mercury  5 ,  Vbqus  9  ,  the  Earth  e  0 

i, Jupiter    U,   Saturn    Hi    Uranus    1^,     Neptune  IVj 

Besides  these,  near  to  the  sun  a  small  pUnet  named  Vulcan  haa  b 
reported,  and  between  Mara  and  Jupiter  is  a  group  of  minute  planety,  J 
called  the  Atteroult  or  Ptt'itloiiU  ;  they  are  veiy  numerous,  betweaa  J 
eighty  and  ninety  having  been  already  detected  and  named.     TImI 
paths  of  the  principal  pUnst^are  in  plmes  making  n  <inull  angle  widi  i 
the  plane  of  the  ecliptic.   The  planetary  motions  are  governed  by  tl 
time  following  laws,  called,  after  their  discoverer,  Kepler's  LawaiJ 
(I)  The  planets  move  in  etIipBes.  ench  having  the  sun's  centre  i 
of  its  foci ;  (2)  The  areas  swept  out  by  each  planet  about  the  si 
{o  the  same  orbit,  proportional  to  the  time  of  describing  them  ;  (St 
The  Kjuares  of  the  periodic  times  are  proportional  to  the  cabes  of  ti 
major  axes.  It  must,  however,  he  borne  in  mind  that,  strictly  speakit|| 
tfae  Mntra  of  the  siui  is  not  a  Siad  point,  the  motion  taking  place  alio 
the  oentre  of  gravity  of  the  whole  system  ;  this  point,  however,  i 
Dear  the  centre  of  the  sun.      Again,   the  planets  mutunlly  att 
each  other,  and  this  causes  perturlmtions  of  their  several  orbits. 

To  tha  practioal  navigator  the  actual  dimensions 
o(  the  plaiMti  ore  not  so  important  as  the  conspicuous  phen 


bb«y  exhibit.  Four  of  tham— VenuB,  Mora,  JupiUr,  uid  Sata 
ars  rcmbrknblj'  large  Kod  brilli&Dt  boillei,  uid  of  great  hnportMiMM 
the  prolilem*  of  celo-naTigntion  ;  nnolher.  Mercury,  ia  klaa  Tiaitile  la 
the  DakcJ  aye  &s  &  Inrge  star,  but  by  reason  of  its  propinquity  to  the 
■im.  is  seldom  cnnspicuoiia  ;  Urftuui  is  barely  ditccraible  witliont  k 
telssoope :  the  rest  are  never  visible  to  the  naketl  eye.  Venue  ^nd 
Japiter  Are  levn  very  distinctly  daring  ttriliglit,  ttnd  this  is  the  Iwst 
time  for  observing  them,  for  then  the  horizon  is  in  general  clearly 
Tieible  and  strongly  marked.  Oliservntions  al  these  two  planet*  may 
oft«ii  be  obtained  in  the  daylight,  even  when  tlie  phknets  are  iiiiisible 
U>  tlie  oakod  eye.  The  merldmn  aUitade  of  Jupiter  mny  sninetimei 
be  thus  oliserved  with  advaotago.  It  ia  first  npproximatoly  oom- 
pated— the  correction*  far  refraction,  dip,  and  index-Hrror  being 
applied  reversely  ;  thia  aogle  is  then  set  on  the  sextant,  the  inverting 
telescope  lieing  screweil  close  dnwn  to  tlie  plane  of  the  instrument. 
The  image  of  the  plaoot  will  be  by  tliis  meaas  detected  near  tlie  N. 
«r  S.  point  of  the  horizon,  and,  once  found,  ila  meridian  altitude 
may  be  accurately  observed.  The  four  planets,  Venus,  Mars,  Jupiter, 
uid  Saturn,  are  nied  for  determining  the  longitude  by  the  method  of 
"lunar  distanooa,"  It  is,  therefore.  Important  toknowhow  to  identify 
these  bodies.  They  are  collectively  distinguished  from  the  fixed 
■tars  by  their  shining  with  h  stes'ly  lijiht,  instead  of  twinkUog,  By 
reiLKon  of  their  proper  motion  they  are  continually  ahifting  ibur 
pliiUL'  in  the  celestial  concave,  and  cannot  be  conoecled  by  imaginaiy 
lines  with  other  heiLvenly  bodies,  as  in  the  coses  oi  the  tixed  sUmil 
Tlieir  jKisition  at  any  tinie  may,  however,  lie  found  with  the  aid  of 
the  "Nanticol  Almanac,"  wliidi  gives  their  right  osveusios, 
daclination,  and  the  time  of  <>reenwich  meridian  pMsage.  U'e  nutjr 
9  Ami  tlie  |ilanet'a  meridian  altitude  at  the  time  of  its  ItuoH 
%Uie  rneijJi*!)  of  o\iMrYB.lWii,  w  -wemv-s  ^■o&\a-wWt  eotistfllUllgB 
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it  u  situated,  or  uicertain  its  poaitioD  with  respect  to  some  bright  st&r 
near  it  at  the  time,  Tha  appBaraoco  of  the  body  itseif  may  also  help 
to  determine  whiah  planet  it  ia  ;  Venus  has  a  bluish  light,  white  Mara 
w  of  a  red  colour.  Vouus  an-l  Jupiter  nro  the  brighleit :  but  th* 
former,  which  is  an  toferior  plauet,  is  never  seen  more  than  47*  from 
the  aun,  while  Jupiter  is  seen  at  every  distnuco  (com  the  sun. 

Planets,  Inferior  and  Superior.— Thoie  planets  whosa 
orbita  are  within  tlmt  of  the  earth  are  called  Inferior  Planttt ;  thosa 
whose  orbits  areeilernal  to  that  of  the  eatlh  are  called  .SwpJriwPfaiif  (J. 
The  iuferior  planets  are  Vutcan,  Mercury,  and  Venus  ;  the  superior 
planets  are  Mara,  the  Aiteroida,  Jupiter,  Saturu,  Uraniu,  aud 
Neptune.  The  phenomena  exhibited  by  tliese  two  olasaes,  to  aa 
observer  on  the  earth's  surface,  are  in  many  respects  different.  The 
tUinyntitOi,  3r  the  angle  subtended  at  the  earth  by  a  planet'n  dinlaiie* 
from  the  sun,  in  the  case  of  the  inferior  plaaeta  can  never  exceed  B 
certaiu  limit.  Mercury,  owing  to  its  noameis  to  the  sun.  is  sebloia 
risible;  Venal,  when  to  the  west  of  the  son,  is  seen  in  the  east  ft 
little  before  sunriw,  and  ia  then  called  the  Murnuig  Star ;  at  other 
times,  when  to  the  east  of  the  aun,  it  is  seen  in  the  west  jxst  after 
■nnaet.  and  is  then  called  the  AVniifs  Mm-.  There  ia,  on  the  other 
hand,  no  liinit  to  the  elongation  of  the  superior  planets,  and  therofora 
no  connection  lietween  the  times  of  their  rising  and  setting  and  that 
of  the  ana ;  they  are  ceen  at  all  houra  of  the  night,  and  at  variom 
•Jtitudes  almve  the  horizon.  Again,  a  Iratnil  over  the  sun's  disc  cut 
only  occur  in  the  case  of  an  inferior  planet.  And,  finally,  tJie  inferior 
planet*  present  tn  tlie  earth  jikaKa  tike  tlioae  of  llie  moon  ;  tlia 
planets  (with  the  exception  of  Mars,  whii^b  aometima* 
presenla  a  alighlly  gibbons  appearance)  iiave  no  perceptible  change  oil 
phaM      AU  the   planets,   m  seen   fiom   the  earth,  ace  e.ltAtuM 
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direct  find  retrograde  In  Ihoir  motioilB.  An  inferior  planet  klnjt 
appwra  to  be  moving  forwards  ("  direct,"  in  the  order  of  the  liffml 
whan  in  the  conjunction  fartbest  £rDta  the  earth  ;  mid  backwwdi 
("retrugr&de,"  contrary  to  the  order  of  the  signa)  wbeti  in  lb 
conjunction  nearest  to  tlie  earth.  Similarly  a  superior  pUnet  klwv* 
kppenrs  to  lie  moving  torworda  when  in  conjuaction,  uid  backwudt 

PlaaetB,  Primary  uid  Secondary.— In  the  solar  sysi^n 
there  ure  at  least  twenty  moons  or  sati^llites,  and  these  are  soincliiad 
called  SKondanj  PUxiitU;  hence  Iha  planets  themsalvas  about  "hidi 
these  revolve  are  distinguiahed  »s  Primarj/  PlaneU.  The  two  simpl* 
words  PltineU  and  SaltUitt*  ore  the  most  con venisnt  names  fur  thi 
two  classes  of  bodies. 

Pleiades  (Gk.  w\tii.ift).—K  very  conspicuous  cluster  oi  sovaa 
■mat]  sUrs,  SIX  of  wbiab  are  visible,  in  the  c-.mateUationTnuru*.  This 
group  is  a  very  convenient  mark  to  help  tlie  seaman  iu  identifying 
bright  stare  iu  its  vicinity.  It  is  also  □(  historical  interest  to  the 
navigator.  The  ancient  astronomers  connected  the  seasons  with  th* 
position  of  atars  relatively  to  the  sun  at  his  rising  and  setting.  A 
star  waa  said  to  rise  IttliacaUy  (^Xiot  "  the  sun  ")  whtn  after  being  in 
OOnjiinctioD  with  the  sun,  and  consGi]iiently  iuvisible.  it  riaea  s<i  moob 
before  him  as  to  be  visible  in  the  eastern  horizon  in  the  uiotoiBt 
twilight ;  and  il  was  said  to  set  heliacally  when  the  sun  a^iproache* 
so  acav  to  it  that  it  is  cxtinguialied  iu  hia  light  or  ceases  tu  be  vitJbU 
in  tl>e  wufltem  hoi  izou  after  he  bus  disappeared.  The  word  rleiad« 
i*  derived  from  rM^j  "  to  sail  Uie  sea,"  because  tlie  season  of  iinak 
navigation  began  at  its  heliucal  riainc. 

P.M The  initials  of  Poi(J/irriJrriB(L.),  "  after  uoon";  opposed 

to  AM.,  Inte  aeriJirm,  "^lo«  wwu." 


Pointed  Sun. — Wh«D  an  oburvatioii  ia  takaa  willi  a  reflecling 
lector,  the  «un  aa«ii  by  direut  vision  ia  colled  by  Itaper  &nd  othan 
"  tlio  pointail  ami  "  ;  a  Iwttar  term  is  "the  direct  sun. 

PoiDters.— The  two  bright  aUra  (3  aud  a  Una  MajwU,  v» 
called  the  "Pnialera,"  bucauM  thay  point  out  Polaris,  which  liaaab 

>ilt  the  lauiB  diatnnce  from  a  aa  a  doea  from  t),  the  extreme  aUr  la 
the  tail  of  tlio  Ijroat  Bear. 

Points  of  tbeOompasfl.— ThecirouDiFereiiceof  thaoompaaa 
trd,  whit'ii  repicseuta  the  hoi  izoii  of  the  ipeetator,  ia  divided  into 
32  equal  jiarts  CAlled  poiatl.  Aa  to  the  whole  circumtarBuce  ther* 
«re  380*,  there  are  iu  each  point  1 1' 15'.  The  point  ia  aub- divided 
falo  Haff-poiau  (each  6^  37'  30")  and  Quarttr-pomi,  (each  2*  48'  45'). 

Polar  Angle.— On  the  terrestrial  aphere,  the  angle  at  the  pol* 
'  ^  formed  by  two  lueridinna ;  on  the  celestial  sphere  the  angle  at  lb* 
polB  formed  by  two  iiour-circlee. 

Polar  Circles. —The  two  parallels  of  Latitnda  encircling  Ih* 
poles  at  the  same  distauce  from  them  that  the  tropics  are  from  th« 
•quaior — viz.  ahuut  23*  27' ;  they  are,  therefore,  the  parallels  of 
about  &i'  33'  H.  andS.  We  say  "about,"  becauae  their  positions  go 
through  small  periodic  changes.  The  Morth  Polar  Ciri:;*  ia  called 
the  Arctic  Vircit,  from  the  great  constellation  which  is  situated 
within  the  parallel  of  declination  of  about  flfl'  33'  N.— the  "  Hear  " 
<dpiirsO  :  and  the  South  I'olar  Circle  is  iliatiDgiitsliad  aa  its  opposite, 
the  /JBiar-clir  C.Vrfe.  They  mark  the  linkiU  of  thoae  zones  within 
which  the  sua  does  not  set  in  the  interval  between  at  least  two  or 
more  oonaecutive  culminations.  Tbeae  spocn  are  called  the  Frigid 
Zones,    and    are    divided    by    the  polar  circles  from  the  Temperate 
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Polar  Distance'— The  polur  (lietnnoe  of  a  heavenly  body  ii  Ito 
•nguUr  diat^Dca  from  the  elevated  pole  of  tlie  hekvena ;  II  ll 
meuured  by  the  intercepted  nrc  o[  the  houi^circle  passing  througli  it. 
or  by  the  correspond J tig  Aiigle  at  the  ceutre  of  the  ipbere.  Sem*- 
timos  polnr  dUtviceB  nre  ruokoned  from  the  nearest  pole  from 
SO*,  but  IhU  plan  is  ntteude<l  with  iDConvenienoi.  Ag&io,  tjie  polar 
dutBDca  ii  the  oompteiiieiit  nf  the  declination,  and  declinatiooa  M* 
frequently  reganlud  ac  ptMitive  ( +  1  or  iiegiiUve  {  -  )  according  M  ilia 
object  ii  situated  iii  the  northern  or  aoulhern  celestial  hemisphere 
tbu  cue,  nil  ambiguity  is  avoided  liy  reckoniug  polar  dist«aoei  fnM 
the  north  pole  from  0°  to  I8U'.  But  the  most  convuiiieiit  niBthodol 
reckoning  polar  dislsnces  in/r-iH  tht  tlrenlfl  poU  tjiioanls  the  tlrpi 
ontfrom  0°  to  ISO°.  Acgoiiliiig  i>b  the  uorlh  or  south  pole  is  eleralel 
we  have  the  ^inrth  P-lar  IMMntict  or  the  S>.tUh  Polar  Dittmaa. 
Tbe  hoiir-aiigla  and  polar  diBtaiiae  ars  the  polar  co-onlinatM  for 
deQiiing  points  of  the  celestial  concave,  and  imlicating  tlieir  fe 
relntively   t<i   the  pluce  of  nn  observer  on  the  earth's  aurf»o«.—SN 

Hour-Angle  and  Polar  Distance. 

Polaris  |L.,  underaUnd  .Stella,  Btarj  ov  Pole  Star— The  pah 
atar  of  a  planet  is  the  bright  star  towards  whi.:h  il«  axia  of  m 
Is  directed  at  any  epoch.  With  referenuo  to  the  earth  the 
Urxr  Miiiorig  is  so  calleil  from  its  being  the  bright  Bta,rwhiGkk 
Aearest  to  the  north  pule  of  tlie  heavens.  Ila  Arabic  na 
Baecabah,  and  it  is  also  known  as  the  GyiirnHif  (from  n)wv,  "a  d«(' 
and  fi'pi.  "  tbo  tail " — tbe  constellation  of  Urta  Minur  boing  MB 
enlly  figured  as  a  clo^).  I'olaris  can  readily  be  found  by  tkl 
"  Pointers  "  ^  and  a  Urta  Unjvrit.  being  tbe  first  bright  star  «Wt 
the  line  of  their  direction  pnsBBs.     a  UriHE  HaJorU  (Dulihf)  is  atltt 
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ho  UruM  Bear  nnil  the  Little  B«ar.  tbe  former  being  ij  IfnC 
anJ  the  latl«r  a  Urt't  MinorU  or  Palarlt.  Tlie  «tar  n  Pr#lH 
3U  not  always  lieen  iidJ  will  not  always  coutiiiuB  to  ba  tho 
»r.  The  preoessiou  of  the  equiiioxea  iuvolves  a  very  alow 
of  the  pole  of  the  haarens  miiODg  the  stars  in  it  amall  uirole 
round  the  pole  of  theecliptio.  The  effect  of  tbii^isBiiapparsutappruacb 
of  some  Ml&TB  to  the  pole  while  others  recede  from  it.  When  the 
owlieit catalogues  were  coiiatructed,  the  preseut  Pole  stu'  was  12°  from 
thepole;  itisiiowlsaBthanlJ",  and  will  approaoli  to  within  4°,  when  it 
wUl  Lie^n  to  recede  and  give  place  to  otbeil.  ToUtke  longer  periods  : 
When  the  Great  Pynunid  of  Ghizeh  was  built  (nearly  400O  B-C), 
by  looking  down  its  narrow  entrance  paasage  (the  slope  of  which 
inclines  26°  41'  to  tho  horizon)  a,  liiaraiiiii  wua  i>een  at  iu  lower 
culmination— a  fiole  star  abuut  3"  44'  from  Ibo  polo.  After  the  lapas 
of  12,000 years,  aLyrit,  the  brightest  star  in  the  northern  liemiBpht 
will  bo  the  pole  star,  approaching  to  within  about  5'  of  the  pole. 

yiu)  north  pole  oflhe  heavfiu  may  bo  found  thuet— Draw  a  lin» 
from  (  Vfiaa  Majui-'w  (the  first  of  the  three  atara  of  the 
Pokria,  and  produce  it  ahout  \\'.  It  is  couveuient  fur  the  navi- 
gakir  thus  to  know  the  poeition  of  the  pole  with  respect  to  I'ularis.  I 
^Vhen  c  VrtiM  Majorit  is  aii  hours  from  the  meridian  (which  can 
estimaled  with  ■ullicient  exaotneie  by  the  eye,  or  more  deSnileljr 
obtained  from  a  tra&BJt  table)  the  Pole  star  is  at  its  greatest  distanca 
«lao  train  tho  meridian.  In  thia  position  of  Polaris  its  allitude  will 
be  nearly  the  same  ai  that  of  the  pole,  which  is  etjiial  to  the  latitnde 
of  the  observer.  In  any  other  position,  with  the  aid  of  tuhlea 
observed  altitude  of  Polaris  may  be  reduced  to  tho  meridiui  altitude, 
and  thus  the  altitude  of  the  polo  deduced  aiid  the  latitude  of  th» 
«b«erTer  expeditioualf  found.  8ucbUbleiaie^v)eiim.\.' 


d66  rOLK  OF  THE   HKiVMa. 

Altnsnac,"  nhich  sIk>  fiimiBlieg  other  iiiefnl  infonn&tiOD  reapccliog 
this  most  important  BUr.  Mag.  2'2,  1896;  R.A.  Ih  21",  Uea+SS* 
45'.  — See  Latitude. 

Poles   <<>k.    ir6\oi,    "&  pivut"  on   which  everytbiag  tonu,  Iba 
&xli   of  the   sphere). — The  points   nt  the  extrnniities  of  th«mxi«>'    , 
th«  celestial  sphere,  which  in  the  iliurnnl  revolution  app«nrit>tiioiwi;i 
ami  aliout  which  tlie  whole  oF  the  heaTeoi  appears  to  lum  a*  aipm 
pivola.     This  IB  ths  primal-;  use  of  the  term.     Hence  it  wu  citBiiM 
and  applied  to  the  exttemitiei  of  the  axis  of  the  enrth  ahout  whioh  it 
rotate* ;   hence,  bI«i>,  its  more  purely  geometrical  usm.      Tbtu  tb* 
motion  of  every  circle  of  the  celestial  sphere  nlinae  plane  ia  pa 
iliculftr  to  the  axis  of  rotation   i»  referred  to  thuie  itationary  pMDl^ 
which  are  therefore  generally  called  the  "  polea"  of  all  circle*,  aveiy 
point  of  which  IB  equally  distant  from  each  of  them,  and  in  partlctllB' 
tliey  nre  the  poles  of  the  j^reat  (circle  of  inch  a  parallel  ayateni. 
example,   we  have  the  "poles  of  the  eijuator,"  the  "poles  ol  th* 
equinoctial,"     the     "  pole»     of     the     ecliptic,    the    "poles    of    I 
horiioii,"  aud  of  their  several  ayBtcma  of  parallels.      The  term  II  <t 
further  extended   to  physics.       'Ibin,    when  it  «as  found   that  tfat 
magnet  wi,s  not  alw.iys  directed  to  the  north  pole,  but  to  am 
point,  this  was  natnrally  named  the  "maguetic  pole." 

Folesof  theBarth.— The  two  pointa  in  which  the  axiioftbl 
earth  meeta  the  surface.  They  are  diatinguished  aa  the  Horih  Palt 
«nd  .Soiilh  Pole — the  former  being  the  one  neareat  to  Europ*,  Uit 
latter  that  moat  remote  from  it.  Tihe  polo*  of  the  earth  are  polM  of 
the  E<]uator. 

Poles  of  the  Heavens.— The  two  points  «I  the  c«l*atlil 
concave  in  which  the  axis  of  the  heavens  is  conceived  to  meet  iUtor&W 
The  polee  of  the  heavens  are  distinguished  «4  tlw  Horih  PoUnl 


I  South  Pult—lhe  former  being  lliut  towardi  which  the  north  pola 
tha  e&iih  in  directed,  the  latter  that  towards  nhioh  the  south  pols  of 
ths  i»rth  in  ilirei:tcd.  The  miB  of  tlia  earth,  always  remnining 
pftralUl  to  itBelt  throughout  her  nnnutil  revolution  round  the  »on, 
!■  CMiiidered  alwnji  to  be  directed  to  the  Mme  points — the  poles  of 
the  beavani :  for  great  as  the  earth's  orhit  aetnally  is,  it  v&oithes 
rektivgly  to  the  infinite  distance  of  the  celestial  concave. 
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Pollux.  -The    nam 
Oemini. 

Position  of  SUp.— The  position  of  aship  at  sea  is  in  genenl 

defined  by  the  intersection  of  two  determinate  lines  on  the  eartb'i 
attrface,  on  both  of  which  the  ship  ia  anoertained  to  be.  Different 
aystems  of  these  pairs  of  lines  give  rise  to  rariouB  methods  of 
determining  the  position  of  the  ship.  i\)  A paralUl  o/lalitude 
meridian  are  the  pair  of  lines  most  systematically  adopted,  tb* 
btitade  siving  the  former,  the  longitude  the  latter.  (2)  A  parulUl  oj 
tatUniie  and  a  tonnlunl  rhumb  lint  vere  used  more  frequently  before 
cbnmonieten  trere  constructed  with  gufficieut  |>erf«i;tlon  to  furnish 
ttn  easy  mean*  of  finding  the  longitude.  (3)  JVo  lines  o/equat 
altididf  furnish  a  very  useful  method  of  finding  the  ship's  placa, 
[See  Sumner's  Method.}  (4)  When  the  ship  is  in  sight  of  land, 
erou  bearin-js  furnish  the  pair  of  lines  required.  The  position  of  tha 
ahip  is  always  regiilereil  by  its  latitude  and  longitude. 

Position,  ParallelB  of. —A  name  sometimes  uied  for  "Circte 
tif  Sqval  AUiludt,"   the  curves  giving  the  position  of  the  skip 
Soninar's  method. 

These  circles  belong  to  a  terrestrial  system,  determined,  howevo^ 
by  a  particular  heavenly  body  at  a  definite  moment,  g^vin|{,  thn  ^Ift. 
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Each  curve  is  the  Iocum  of  places  whose  zenith  is  at  the  same  diitanos 
from  this  pole. 

The  great  cirde  of  the  system  is  the  Terminator,  and  (the 
ordinary  corrections  being  made)  this  is  the  boundary  of  the  hemi- 
spheres, in  one  of  which  the  body  is  visible  and  in  the  other  inyisiUt. 
From  any  point  of  the  terminator  the  body  will  appear  in  the  horiaoB. 

The  pale  of  the  terminator  is  the  spot  in  whose  senith  the  body  h 
situated  ;  and  this  is  the  only  place  where  it  has  an  altitude  of  90". 

If  small  circUs  be  drawn  parallel  to  the  terminator,  each  will  mark 
out  all  the  places  on  the  earth's  surface  where  the  body  is  seen  at  the 
same  altitude  ;  these  are  what  are  called  Circles  qf  Equal  Altitude  or 
Faralleh  of  Position,  Each  term  is  appropriate  from  its  special 
point  of  view. 

.V  (jrtut  circle  secoudary  to  the  terminator  will  give  the  line  of 
btanny  ol  thu  body  from  any  particular  spot  on  a  parallel.  Dm 
**  Lino  of  Bearing  "  and  *'  Line  of  Position  "  are  at  right  angles  to  ens 
another. 

For  the  sake  of  clearness  of  conception,  we  may  compare  the  pole 
of  the  terminator  with  that  of  the  equator  and  with  that  of  the 
horizon.  The  i>ole  of  the  equator  is  a  fixed  point  on  the  earth's 
surface,  and  is  independent  of  the  position  of  the  spectator  and  of  any 
heavenly  body  observed  ;  the  pole  of  the  horizon  simply  marks  the 
position  of  the  spectator,  and  moves  witli  him ;  the  pole  of  the 
terminator  is  dependuut  on  the  heavenly  body  observed,  and  is 
defined  by  the  vertical  from  its  place  to  the  earth's  surface  at  any 
particular  moment. 

The  two  systems,  of  the  horizon  and  terminator,  are  frequently 
confused,  and  they  demand  therefore  some  further  oonsideration  in 
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coiiDectioii  with  each  other.  Two  pointi  mast  b«  borue  in  mind  : — 
First,  tliat  the  horiioD  syatem  hu  properly  refereace  to  the  celeitiAl 
concave  while  the  terminator  system  ia  concerned  with  the  terreatriftl 
■phere ;  secoadly,  haiing  aabetitated  for  the  elementi  of  the  term- 
inator ByiteiD  tbeir  celestial  coonterparts,  the  two  systems  are 
properly  described  as  complementsry.  The  pole  of  ooe  system  Li 
alwaya  on  the  great  circle  of  the  other  ;  and  the  great  circle  ordinate 
of  one  is  eqnal  to  the  polar  dietonce  of  tlie  other. 

The  confusion  we  have  referred  to  arises  from  the  application  to 
a  system  on  the  tcrreatriaJ  sphere  of  a  term  "  ParAillcIa  of  Altitude  " 
fclreeidy  appropriated  to  a  system  of  the  celestial  concave;  the  two 
not  even  corresponding  to  each  other.  ParalUU  0/ Altitude  ore  small 
oircies  of  the  celestial  sphere  parsdlel  to  the  horizon ;  Paralleli  of 
E^al  A  llilude  a.Te  smcU  cireiea  ot  the  terrestrial  sphere  parallel  t 
;   the  terra  Zenith  ParalteU  describes  the  oounterparte  0 


the  latter  on  the  celestial  cone 
conceptions. 

The  annexed  figure  ma;  serve 
to  illustrate  the  terms  :^Tbe 
centre  T  Is  the  pole  of  the  term- 
inator ZZ'Z" ;  the  horizons  of  all 

the  points  ZZZ" ,  riz. 

HTH,HTH', paaaiogthrough 

T.  The  smaUoircle  sV  is  the 
parallel  30"  distant  from  T  ;  the 
body  in  the  zenith  of  X  having  on 
altitude  of  60°  from  every  point 
on  this  parallel.  The  line  of 
bearing  at  £  is  s  T  b,  at  right  angles  to  the 


and  servos  t 


t  tba  two 
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Post  Meridiem  (L.  "uJUc  noon,"  Bbbrevikted  P.M.)— H* 
deaignalioD  of  the  Ihtler  twelva  boun  of  ibe  civil  ilny—thoMi,  Tit- 
following  tho  Bun'i  ptuBngH  nf  Ihe  meriiliui.  The  other  tiroIv«  •!• 
dialinguished  as  the  liuiirs  Anit  Mrridievt,  "  before  noon." 

Precession  of  the  Equinoxes. —The  equinocti^  point* 

hftTe  iL  mlow  buckwanl  movenieat  (friiin  eiut  to  weat)  along  the  euUp^ 
In  cqnaequence  of  this  retrogreMion  of  iha  firat  point  of  AriM,  lit 
epoch  of  tho  cjuijioi  "[upceiiei,'' or  in  o«.r1ier  th»u  it  woulil  o^tt^ 
wise  liave  been. — See  following  urtiole;  ftod  Bctuinoctial  Points- 
PreceaalOn  and  Nutation  (L.  pnecnfo—,.^. ;  it.  prtfrttiimt, 
"•  going  before "  ;  L.  i-utatio.  "i  nwiding"!.— CorrectioBn  whiok 
reduce  the  place  of  a  lieavenly  Iwdj  In  hied  uid  deteniiiuat«  oelntal 
circles.  Tlio  co-urdinntes.  which  doliue  the  position  of  the  star*,  ue 
found  lo  undergo  aontinual  vnriatioui,  which  affect  all  the  st»rB,  tai 
Ckniiot,  therefore,  b«  referred  lo  any  "  proper  niotion*."  "Vhcy  wiM 
from  a  diaiikcemant  of  the  planes  anil  cirvlea  to  which  the  bodJatAM 
referred.  The  two  primary  planes  ased  are  the  eclipUn  and  th» 
equinoctial,  and  the  origin  of  co-ordinates  is  determiaoil  hy  the  linB 
of  their  intenection.  The  ecliptic  is  found  to  be  very  nearly  a  fixed 
plane,  its  potltion,  however,  being  disturbed  fay  planetary  iiiflaenni 
which  very  slightly  affects  the  right  ascension*  of  the  stun,  liottbl 
Imi-Botar  attraction  ou  the  protnlieriint  (Hjuatorinl  mnaa,  forming  tht 
exccBs  of  the  terrestrial  spheroid  al-ove  ita  inscribed  sphere,  a  ac» 
aiderable,  and  it  cBiues  the  line  of  intenection  of  the  equinoctial  and 
ecliptic  to  hare  a  gradual  retrograde  motion,  the  first  point  of  Aria 
moving  backwarda  along  the  ecliptic  at  a  yearly  rate  of  50*38".  Ttw 
attractions  of  the  planets  tend  to  alter  the  plane  of  the  aartb'e  orhjL 
We  may  consider  the  combined  remit  as  increasing  the  longiladet  cd 
s/I  atAn  by  t  coraniga  nvvBQ  qoantity  60 -a^per  auimm,  wbicb  it  called 


^^^I 

the  ytneml  preaition  .     Again,  otviag  to   the  variable  fLCtion  of  tba      ^^| 
BlOQU,   tlie  inclination  ot  the  equiiioctinl  tv  the  ecliptic  undergoM 
■mall  psriodicnl    fluctuatioua   nbout   a   mean    valua,    the  Ojclo  being 

Bobonliuate  motiona  am  named  nutalion,                                                        ^_ 

The  relative  changes  in  tlia  plnnea  of  the  two  great  oirclea  may      ^M 

best  be  ei;l.ibited  by  the  oonaeqnont  alterations  in  the  place  of  tli»      ^M 

The  effect  of  precewioti  is  to  CAiise  the  mean  place  of  the  pole  of  th«      ^M 

Uie  obliquity,  round  the  pole  of  the  ecliptic  K,  lu  about  2S.800  yeait.      ^M 
T)te  effect  of  nnUtioniatocause  the  true  pole  of  the  equinoctial  to 
dnoribe  i.  small  ellipae  about  it<  mean  pUe«  P ;   with  major  axis 
18-S'  pointing   to  K,   and  minor  axis   13-7',   the  revolution  being 
oompleteil  in  ]S  yean  220  days.     The                          ^                            ^ 
rMtlUlug  true  path  of  tlie  pole  will  be  a             ,r<'''"'''''™"^%.               ^1 

"^"-..                             /^    j,>r\     ■ 

In  the  figure  T  is  the  position  of  the     t' -,^_               \        ^ 

flrtl  point  ot  Aries  nt  the  beginning  of    /X^                     -^^^^""""""^ 
Miy  tropical  year,  wul   t  ,  its  position      •C\^,^--"jrf;jj(i«,^ 
at    the    begioiiine    of  the  neit,  r  T ,     \    ''^'^~~*~-_            J       ^m 
being  50  2"  meaaured  liackward,  i.e.  in      \               "^^^o^ST/        ^| 
the    direction    opposite    to    the    sun's          \^                        y^          ^H 

tropictl  year  in  aliortcned,   and  the  return  of  the  sun  to  the  equinox    ^^M 
|.        takes  place  earlier  than  it  would  otherwise  have  done,  lienoe  th«  t«nii   ^^| 

1             r    and    P,    are    the    posilloDS  of   the   pole  of  the  equinoctial 
1       corresponding   to    r    and    T,.     This  eiplaiiw  how  different  aUrs 
1      wcenpy  at  different  enw  the  position  ot  polar  Blw.                        1-^ 
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**  Pricking:  the  Ship  oflf."— Markiug  the  i,hip's 

;  I  the  chart.     This  is  always  done  at  noon,  when  the  ac4 

,i:  a.  n  reckoning  for  the  twenty-four  hours  is  closed  ;   and  ala 

when  the  course  is  shaped  for  the  night. 

Prime  Vertical  (L.  primus,  "first").— That  vei 
which  cuts  the  meridian  at  right  angles.  It  intersects  th< 
the  east  and  west  points.  The  word  "prime*'  may,  per 
reference  to  the  ecut  point  as  being  the  point  of  referc 
prime  or  riving  of  the  heavenly  bodies.  To  a  spectator  on  1 
all  the  heavenly  bodies  rise  perpendicularly  to  the  horizc 
only  those  that  rise  at  the  east  point  which  perform  a  gre 
their  diurnal  course — viz.  the  prime  vertical. 

Primitive  Plane.— (I^*  primitlvus,  '*  the  first  of  its  fl 
In  projections  the  primitive  plane  is  that  on  which  the  su 
represented  is  delineated. 

Prismatic  Oompass.— A  compass  fitted  with  a 
mirror  for  the  observation  of  azimuths. — See  Oompass. 

Procyon  (Gk.  TpoK(naw  ;  from  xpo,  **  before  "  ;  «Jwi», 
so  called  from  its  rising  before  the  I>og-&tar  Sirius). — 1 
name    for    the    "lesser    dog-star,"  a  Canis  Minoris. — S 

Minor. 

Projection     (L.     prvjeclio,     *'a    throwing    forwai 

delineation  of  a  proposed  figure  on  a  given  surface,  formec 

nil  of  lines  drawn  according  to  some  definite  laws.     The  proj 

surface  is  generally  conceived  as  made  by  straight  linei 

)l_..  plane.     This  plane  is  called  the  "  Primitive  Plane."    A 

H]J  is  also  drawn  between  Natural  and  Artj/icioU  projectic 

2^<Uural  Projection  of  a  surface  on  a  given  plane  is  such  a  < 
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of  it  aa  WDUlil  be  fornied  by  drawtog  Btraigbt  linoB  frooi  tlie  eye  in  tt 
doluiite  poiitlon  through  every  point  of  tbe  surface  t«  meet  the  plans, 
the  originBl  and  the  [epresen Cation  producing  the  snme  efTect  on  tha 
oi^gnn  of  Tision.  (2)  An  Artificial  Projediou  ia  a  delineation  of  tha 
•nrface  im  a  plane  traced  according  to  Gxcd  laws,  not  being  ft 
perapeetive  representolioo. 

Projections  of  a  Sphere.— Delineations  of  the  Hurfoce  of  fha 
■phere  ou  a  plane  made  according  la  deSnit*  laws,  and  furnishing  the 

Km  of  constructing  maps  and  charts.     Projections  of  ths  sphera 


»i«  either  Xalar 


ir  JrtySfiVii, 


I.  Natural  Projections  of  the  sphere  are  delineations  of  Ih* 
surface  ou  a  plane,  de&ned  in  position,  representing  the  sphere  aa  ib 
Appears  to  the  eye  situated  at  a  given  point.  Accocding  to  tha 
rehttive  positions  of  the  sphere,  the  eye,  and  the  primitive  or  plana 
of  projection,  there  are  different  methods  of  natural  projection,  til* 

«e  moet  important  of  which  are  the  Orihvifmphk,  SlerBograpMc, 
Uld  Cailral  or  Onotnoiiie.  (a)  In  the  Orlho-fraphie  the  eye  ia 
iodefinitely  distant  from  the  sphere,  so  that  the  visual  rays  ara 
parallel  to  one  another,  and  the  primitive  is  perpendicular  to  their 
lUrection ;  (bj  in  the  St'rtogntj/hic  the  eye  is  situated  on  tha 
anrfaoe  of  the  sphere,  and  the  primitive  passes  through  the  centre  sa 
•■  lo  have  the  eye  in  its  pole  ;  (c)  in  the  Ctntrat  ur  Gaomoiite  tlia 

\  ia  at  the  centra  of  the  sphere,  and  the  primitive  ia  a  Ungent 

Projections  of  the  sphere,  on  whichsoever  of  the  above  methods 
they  are  mode,  are  further  named  E'funtoTinl,  MirulionaJ,  of 
Sorixontal,  occording  oa  the  primitive  coincide*  with  or  is  parel!i>l  to 
tba  cqnalor,  the  meridian,  or  the  horizon.     Alt  perspective  reiireaonta-   J 

la  of  the  sphere  distort  those  parta  which  B.romA-^i;o\i!»A»A,TO 


tha  oeatre  of  the  primitire.  Thui,  in  a  map  aa  tbe  orthogmj^ie 
projection,  countriea  at  a  diitanca  from  tlie  centre  of  the  priiiuli*t 
are  nnOulv  contracted,  while  the  reverse  a  the  case  in  mapa  on  tin 
oenLral  prajection.  In  maps  or  charts  of  small  portiouB  of  thaaarth^ 
BurFoca  thii  is  of  little  coosequeace,  ai  the  middle  of  the  map  lotj 
alirayi  be  taken  for  the  centre  of  the  primitive  ;  but  for  <xl«n>in 
tracts  the  distortion  nenr  the  edge  of  the  map  is  iKjnsicierablo.  and 

S.  Artificial  Projeationi  of  the  tpbera  are  dclineatioua  ot  tit* 
surface  on  a  plane  traced  according  to  fixed  laws,  not  btiii| 
perspective  representations.  Mercaior't  chart,  nhich  iatbatoltb* 
greatest  importance  to  the  navigator,  is  an  artificial  projection. 
Here  the  meridians  are  parallel  straight  lines  equidlslnnt  front  Mdi 
other,  the  parallels  of  latitude  are  perpendicular  to  the  meriillaasal 
such  distance  from  each  other,  increasing  from  the  equator,  that  Urn 
measures  of  b,  degree  of  longitude  and  latitude  at  tui;  point  of  t^ 
projection  shall  have  the  same  ratio  as  exists  hetween  their  metsniM 
oa  the  surface  of  the  sphere  at  the  eorrespoiiiling  point. 

Projectloo,  Central  or  Qnomonlo  [Gk.  jnifiar.  -'tlM 
style"  or  index  of  a  dial). — A  uatural  projection  on  a  tangential pUu 
BS  primitive,  the  eye  being  at  the  centre  of  the  sphere.  It  is  ealkd 
the  "gnomonic"  prajection,  aa  being  that  usi'd  in  the  oonatrudiaa 
of  the  Eiui-JinL  The  designation  "  central "  would  •ecm  to  be  tie 
preferable  one,  as  marking  the  characteristic  feature  in  the  nianpir 
of  making  tlie  projection,  and  not  merely  embodying  one  of  111* 
practical  applications  of  its  principle.  The  most  impurt4Uit  propertiM 
ot  this  projection  are ;  (1)  Every  great  circle  of  the  sphere,  «nce  il» 
plaiis  pMSGS  through  the  eye,  is  projected  into  a  straight  line;, |^ 
Every  mmill  circ\e  ol  tt»  a^^et*  ia\fTOif«>*A.>xtoacoiiicB«ollou- 
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AD  sUipm  when  it  lita  eatirelj  on  tbe  same  lide  of  the  dumetnl  I 
pltmc  parallel  to  the  primitire,  a,  parabola  when  it  tuuobea  tlial  plane,  1 
knd  k  hyperbok  wbea  it  iDtersecta  tbftl.  pUoe.  In  the  vase  of  Iha  ] 
original  circle  being  parallel  to  tbe  primitive,  its  prujecti'ii  wjll  lie  b 
aircle  couceutrio  iritli  the  primitive.  The  first  property  iiieiiLioned 
renden  cburti  on  this  projeotioD  very  coDvanieut  for  great-cirola  I 
■ailing.  An  entire  bemiapliere  cannot  be  thus  repreaented,  bb 
circamfercnce  which  teniiuiutea  it  is  on  a,  level  with  the  eye  parallel  I 
to  tbe  primitive  plaue.  The  method,  however,  a  applicable  [or  r 
of  the  ctrciuopoUr  regions  of  the  earth,  but  oi  countrica  recede  from  I 
the  centre  they  become  to  a  coaeiderable  degree  unduly  enlarged.  I 
The  whole  sphere  is  conTeaiently  projected  on  tbe  six  aides  of*  I 
circmnecribing  cube ;  luid  tbe  mapa  of  the  earth  mid  of  the  atari,  I 
published  by  tbe  >ioaicty  for  the  DiflHision  of  Useful  Kuowladge,  ai«  J 
dtkwn  in  thia  manner  {Rg.  1). 


Fig.  1. 


Fig.  2. 


Fig,  2  representa  an  equatorial  central  projection  of  the  trirrestriol 
■piiere  :  P  the  pole  (centre  of  tbe  tangential  ptane   parallel  to  Iha 
equator)  1    m,m,,  OTjiii,,  m,ro„  .  .  .  ,    meridiuns;   i',l,Pi,p,'^ 
pjljjj parallelB  of  latitude;  OC  an  wc  of  a  great  circle 

Projection,  Orthographic  (Gk.  it-eb,  -straight."  "upriglii" 
7pd0c>r,  "to  grave"). —A  n«tural  projedw 
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at  right  ftnglet  to  the  pritnitlre  or  plute  of  projectian.  The  «;e  is 
ooDceived  to  be  mficitely  disl&nt  from  the  tphere,  bo  that  the  cunil 
raya  are  parallel  to  one  anolher,  aDd  a  diametral  plaoe  is  choseo  !at 
the  primitive  (Eg.  1 ).  A  airolo  ol  the  sphere  u  thus  projected  ii  an 
•llipw  whose  axU major  ^diuneterof  the  circle,  and  axia  minor= 
(aiia  major)  n  (coe  inclinatioD  ol  the  circle  to  the  primitive).  When 
the  circle  i»  parallel  to  the  primitive,  the  projection  is  an  equal  circle; 
when  it  is  perpendicular  lo  the  primitive,  ita  projection  is  a  straight 
line  equal  to  the  diameter.  In  maps  uid  charta  oo  thia  projeotio^ 
regions  at  a  distAnce  from  the  centre  of  the  primitive  ute  undolf 
contrncled  ;  and  hence,  though  very  ueeful  for  amsll  portions  of  tht 
globe,  it  is  of  litUe  service  for  large  tracts.  The  orthographid 
projection  is  convenient  in  astronomy  for  the  delineation  of  eclipaes 
and  the  tranaita  of  the  heavenly  bodies. 
■  Fig.  I.  Fig.  2. 


jy 
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Fig.  2  represents  a  meridional  orthographio  piojeetion  ' 
ten-eatrial  sphere ;  PMPTi',  meridians-  primitive  plane ;  Pw 
Pnigi  ....  mmdiana  ;  KIM' equator  ;  p,(,,p,f„j)|/„  . 
punlleli  of  latitude. 

Projection,  Stereographlo  (Gk.  impiit,  "solid,'  "cuWt~ 
•ffid^ir  "  to  gfftVB  "V — Str\fiX\^  i^nsJtvn^,  \he  word   "  ■len?agTaphie  " 


is  Applicable,  in  a  general  sease,  to  every  perspective  repreBeutation 
of  a  solid  OD  a  placu  ;  but  in  the  case  of  the  sphere  it  hu  &  limited    ^ 
technic&l  Becse,  being  confined  to  one  method,  luid  diitinguishing  »    , 
particular  projection  from  others,  such  as  the  "orthographic" 
"  central  "    The  Btereograpliic  is  a  natural  projection  of  the  conoa' 
of  the  sphere  on  a,  diametral  plane  as  priniitivo,  the  aye  being  placed 
on  the  (urface  at  the  opposite  oitremity  of  the  diameter,  perpendic- 
ular to  the  primitive  [fig,  1).      Its  moat  important  properties  are : 
(I)  All  circles  of  the  sphere  are  projected  either  into  straight  lines  or 
circles  ;   fa)  those  which  pass  through  the  eye  into  straight  lines  ; 
and  (bj  those  which  do  not  pass  thraagh  the  eye  into  circles.  Iteing    | 
the  snb-contiai'y  sections  of  cones  whose  common  vertex  is  tlie  eye. 
Bod  bBses  the  circles  to  be  pTOJected.     (2)  The  angle  of  intersection 
«f  two  circles  on  tlie  sphere  is  the  same  for  tlieir  prnjeclions  ;   henca 
Fig.  I.  Fig-  2. 


! 
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•Jso  every  very  small  triangle  on  ihesphere  is  represented  by  a  similar 
triangle  on  tho  projection.  The  first  properly  mentioned  reudeia 
tlie  eonstruction  of  maps  on  this  projection  very  aiinplo  ;  lh«  second 

that  the  meridians  and  parallels  of  latitude 
otjier  at  right  angles  as  they  do  on  the  globe,  and  this  also  facilit»tea 
tha  eonstraction  of  maps.    Again,  it  is  a.  cottHi^ew<:«  «A  ^^« 


also  facilitate*  ^^^| 
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property  that  the  projection  proiaiTM  k  gcueral  aimilaricy  to  the 
tMtily  in  all  ita  parti,      lu  receding  from  the  centie.  the  dimeniiotil 
•re  BoiTieiThat  unduly  enlarged,  but  a  hemiipbere  may  be  prnjocted 
witliout  any  very   violent  distortion  of  the  configur»tioaa   on  tin    y 
aarfkce  from  their  real  forin,                                                                   ^H 

pole  of  primitive  plane ;  NS,  meridian  ;  BW,  prims  rertio&l ;  EQW,   | 

declination. 

Prolate   Spheroid   (L,  proldtui,  ••  prolonged  ").— A  spLeroiJ 

vblaie  ffihrr-id.      It   may   be   conceived  to  be    jjanetKbed    by    the 
ravolulioii  (it  an  ellipse  about  ita  major  aiis. 

Proportional  Logarithms.— Tliv  lognrithm  of  A  (a  cousUnt 

(ollowing  definilioQ  :— The  logarithm  of  the  number  of  eccondv  m  S" 

period  less  than  31>  or  angle  leu  than  3°,   is  otaied  the  proporlionil 
logaritliiii  of  that  period  or  angle.     Proportional  logarithms  ate  ii^ 
io    fiiLliiig  the  G.M.T.  corroaponding  to  a  given  lunar  disUoiee.— Sel 
unci  IT  Lopuithms. 

Proportional  Parte. —In  logarithmic  tables,  small  auiilUcj 
tables  are  anueied  calleil  "  Tables  of  Proportional  ParU,"  the  lu>aE 
Which  is  to  tacihtate  the  process  of  interpolation,  thus  euaMing  ui  W 

dapenda  apon  the  following  principle  :^The  iliffotenco  lietneen  thai 
loguiUunt  of  two  Donibon  cot  differing  muuh  from  ouch  other  Ib'1 
proporticnal  to  the  difTerence  of  the  number*,  «r 

log.,,  (N   t-  n)  -  loS'u  ^-.  " 

log.,.  IN  +  IOJ  -  log.,,  N     10 
The  table!  of  proportional  parte  are  therefore  simply  the  resulti  ot  1 
the  aipreuion 

^jloj.,,  (N+  10)  -  log.,,  NJ 

rodaoed  to  Dumbera  for  each  value  of  n  from  1  to  9.  Exan 
Our  table  of  logarithma  is  calculated  for  4  iiguree,  but  we  wi 
logarithm  of  a  number  of  5  figures,  23453.  Now,  this  tiei  between  1 
234^  aud  23480,  which  differ  by  Id.  The  diflerence  of  the  matitiaaa  1 
of  the  aumiiera,  which  are  the  ume  ai  those  of  2345  and  234S  I 
(tu.  370143  and  370328)  ia  1S5.  The  differsace  of  Ibe  manliata  off 
23450  and  that  of  23433  will  be  found  from  the  proportion 


10  :3  ::   183  : 


=  &■«-" 


Hence  the  mautiua  of  23433  is  370109.     The  proceu  may  be  continued  J 
and  the  mantiBsa  of  a  uumber  consisting  of  G  figures,   and  so  on 
found.     The  tables  of  pro|H)rtional  parts  ore  used  also  in  the  conven 
problem,    and     the    nuiiilier    corresponding    to    a  mantissa  lyin| 
between  two  ta^julalird  oni^a  may  be  determiiied. 

Q- 

q.  -  Of  the  letters  used  to  register  the  state  of  the  weather  in  thi 
Iog-boul(,  q  iudicatea  •' S'lually." 

Quadrant. - (L.  quadrant,  "the  toarth  part"'),— Tlia  fourth  I 
part  o(  the  cironmferciice  of  a  circle.  It  contains  90°.  and  aubteads  ' 
»  right  angle  at  the  centre. 


Quadrant- — An  aatronomicaJ  ioslrainent,  the  uo  of  which  is 
90°,  Bud  which  ii  used  for  msasuruig  angDlar  distanceB.  The  form  et 
the  inBtrumont  hu  varied  throogh  »ucoe«aive  improvemenU,  the 
principal  advances  from  Ihe  SImpIt  QvadranHting  DaBis' Quadrant 
and  Hadlei/'a  (juoilraal. 

The  word  is  now  improperly  ttpplied  to  a  raogh  reflecting  sector, 
the  arc  of  wbicli  is  only  45'— See  Ootant,  Sector. 

Quadrature  (L.  qnadratnm,  *'«  quartering").— The  moon  i» 
Bftid  to  lie  in  ipiadralirre  when  at  one  of  the  two  points  of  her  crhit 
equally  diatunt  from  conjiini'irin  nnd  oppotitton,  when  her  )Higitio&  a 
80"  from  the  eiio.— See  Moon's  fhaeea. 

Quicksilver  Horizon.— Quit  tail  ver  ii  the  subsuuioe  b«rt 
adaplod  to  form  an  artificial  horizon.  As  a  fluid,  it»  surface  aaanmes 
at  rest  a  horizontal  position,  and  this  surface  lioa  the  brighliiew  of  * 
bumished  silver  mirror.— Seo  Artificial  Horizon. 


r. — Of  the  letters  uwd  to  register  the  state  of  the  weather  in  the 
log-hook,  T  indicates  "  Ifaia — i.t.  ConlintioiM  Haiti." 

Race  (D.  rat ;  8w.  r««i).— When  the  tide-wave,  while adTinoing 
along  the  shore,  is  arrested  by  a  promontory,  the  water,  under  certain 
conditions,  attains  a  height  which  canses  it  lo  flow  ofl  obliquely  with 
h  considerable  velocity  ;  such  a  current  is  called  a  "  Race."  Example 
—the  Race  of  Portland.  The  word  is  douhtless  of  Scandinavian 
origin,  the  inhabitants  of  tbe  Orkocy  Islands  calling  Uiose  currcota 


iZadlus  of  Ounratiirei.-^^tCiVis^^.'wvt*. 
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Radius  Vector  {L.  vector,  "ona  ihMorriBB").— ThoradiM 
which,  revolving  round  a  tixeii  centre  or  Ji/l'  [rom  nn  initial  poBitioD, 
defines  the  pUce  of  any  point  iu  apace.  I'hn  lenglli  of  the  rndiiu 
TectJir  between  the  pole  and  the  point  is  one  of  the  polar  co-orJinates 
o(  the  poiut.-.See  Co-ordinatea. 

Bate  of  Ohronometer.— Tlie  daily  change  in  its  error; 
deaignated  gaining  whan  the  JDBtriuiieiit  ii  guing  too  fast,  and  lotnug 
when  it  is  going  loo  alow.  — See  under  ObronOQieter. 

Bating  the  Ohronometer.— Detenniuiug  ita  rnte.— See 
uuiif  r  Ohronometer. 

Bate  of  Sailing.— This  ii  found  by  "  heaving  the  log,"  aa  «. 
ale,  every  hour ;  Imt  it  must  be  Ijorne  in  mind  that  the  result  which 
tbiB  );irea  may  lie  very  fur  from  the  ttuth  for  the  whole  hour.  Tha 
'  varies  with  thv  stieogUi  and  direction  of  the  wind,  the  quantity 
of  Bail  set,  Uie  trim  of  the  sails,  the  running  of  the  sea,  and  the  skill 
of  the  belmsDiau.  Experience  and  practice  are  reijuiaite  (or  truly 
eatituating  the  rate.     Various  plans  have  been  proposed  for  obtainiog 

:  rate  ;   but  the  ordinary  log,  thrown  every  hour,  and  the  pateni.  J 

,  to«ed  overboard  (or  a  continuoua  period,  are  those  univeraaUy  t 
kdopled.— See  Log. 


Bational   Horizon  (L.   rational^,  from  ratio,   " 

"NokMUlig"|.-~A  phuie  passing  through  the  earth's  centre,  ptLRkllel 
to  Ute  tangenUplane  ut  the  obaerver'a  station.     It  ia  distinguiibed 

■J  this  pLuie,  whidi  la  called  the  ittuibk  horizon.     As  the  zona   ■ 
they  include  is  of  evanescent  breadth  compared  with  the  indeSnit*  I 
distance  of  the  celestial  concave,  they  coincidently  out  it 
great  cirole~'the  ctlaiiat  horizon. — See  Horizon. 


bi 
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Reaumur's  Thermometer.— A  thennometei 
its  inveotor,  in  which  the  distance  betneea  the  freezi 
point  of  wator  ia  divided  iuto  80°,  the  former  being  m. 
Thermometer. 

Reciprocal  Bearings— The  bearings  of  two 
each  other  teken  eimultaoeoUBly.     They  are  used  in  one 
for    determining    the   deviatiun  of   the   standard   eoi 
students  appear   tn  have  a  difficultj  in   determininj 
deviation  dediiee<!  is  easterly  or   westerly.     The  foil 
treatment  will  remove  all  uncertainty.     Let  D  and  V  fa 
of  the   ship  and  shore  compasaea  ;   the   line  joining 
From  this  initial  line  lay  off  the  two  anglea  at  D  an 
give  the  direction  of  the  two  needles.     Through       )]• 
V  draw  a  line  parallel  to  the  needle  at  D ;  if         • 
this  liea   bo  the  right  of  the  needle  at  V  the 
deviation  ia  eaaterly,  if  to  the  left  it  is  westerly. 
Example— the  shore  compass  hears  from  the  ahip 
N.  3S°  W.,  and  the  ahip  compass  bears  from  the 
•bore  S.  46°  E.     At  D  the  needle  lies  38' to  the 
east  of  the  fixed  line  DV,  and  gives  N^  DSc  the 
dircctioB   of  the  needle  affected  by  deviation. 
Again,  at  T  the  needle  lies  46'  to  the  weat  of  the 
filed  line  VD,  and  gives  Nn  V8m  the  direation  of 
the  needle  unaffected  hy  deviation.     Through  V  draw  N 
to   N;  DSt.      It  will  now  be  aeen  at  once  that  the 
being  drawn  to  the  west  of  the  magnetic  north,  th«  d 
GompaH  ii  westerly. 

Redkoniag  (A.-Sax.  ncan,  Ger.  rtdmai).—! 
Sndjjtg  the  poution  ol  atd^V^  o^ 


lid    lo  be  i»it  of  ktr  rei:konm'_i  ivlieii  the  position  bo  delermined 
as    out   to  be  different  from   the  tme   place.      Dmd  rrekomng 
deecribeH  tbe  method  wliore  the  data  used  are  derived  only  from  thi   ] 
Be  of  tlic  log  and  compftaB, 

Reduced  Latitude.— The  "  c<n(raJ,"  "  geucentrie,"  or  "tatimdt  \ 
n  the  iiilirre  "  is  bo  called.  Except  at  tbe  poles  aud  the  equator  it  il 
ftlwajB  less  lliRti  Ibo  normal,  true,  or  latiludt  on  tlir  fpfitroid,  and  tha  I 
rectiiin  fur  6Dding  it  From  the  Utter  (which  is  that  deduced  from  I 
ohservaliou)  itt  aubtractiTs  ;  hence  the  name.  The  reduced  latitude  1 
u  the  angle  which  tlie  line  joining  the  ftaiioo  u(  the  observer  with  I 
the  cenire  of  the  earth  makes  with  the  plane  of  the  equator. — See  I 
inder  Latitude. 


Reduced  Zeslth.— Tbu  point  ia  which  the  tins  joining  tlia  I 
BDtre  of  Ihe  earth  and  the  obeerver'a  ttation  produced  into  Bpa«a  I 
meet*  the  coleatial  concave.   Except  at  the  eijnator  and  the  poles,  the 
reduced  is  lower  in  poailion  than  the  (rue  tfiith  ;  hence  the  name. — 
See  Zenith. 

Heduction, — The  process  of  applying  the  correcUona  to  Um 
sppurvnt  place  of  a  hcavenl;  body  lo  obtain  its  true  place.     Theae 

rectioDs  are  five  in  number.  (1}  Rf/raelion  bIIdwb  for  the  bending 
of  tbe  viEiial  rays  from  a  straight  course  in  the  passage  through  the 
atmoephere,  and  does  away  with  the  disturbance  of  this  medium 
(2)  Parallax  places  the  observer  virtually  at  the  centre  of  the  earth 
iuatead  of  on  its  surface  ;  (3)  Aherration  gives  what  the  ob*ervalion 
would  have  been  from  a  motionless  instead  of  a  moving 
Mid  (S)  Preeegiion  Mid  NutaSon  refer  the  plooe  of  the  body  to  fixed 
Uid  determinate  instead  of  coDEtantly  varying  celestial  circles. 


«rth  ^^1 
ttioa  ^^1 

fixed  ^H 


Reduction  of  the  Latitude.  oT-Angito/the  rerticot^^ 

Ths  correction  by  which  tho  latitude  on  tlie  BpLcroid  is  reduced  U> 
the  Ulilude  on  the  tphere,  wliicli  is  often  required  in  the  aolutioo  of 
problems. -^See  under  Latitude. 

Reduction  to  the  Meridian.— The  Lktimde  of  &  pUwii 

most  simply  determined  b;  the  obaerTutiou  of  the  aeridi&a  ftltitml* 
of  a  known  heavenly  l>ody,  When  such  &n  obseri&tioa  cumot  be 
obtained  by  reason  of  the  Bt«te  of  the  weather,  the  altitude  of  the 
body  may  often  be  obtained  a  little  bofaro  or  a  little  after  it*  meridiu 
passage.  And  if  at  the  time  ot  observing  such  an  altitude  near  the 
met'idian  the  hour-angle  of  the  body  is  obtained,  wb  may  find  by 
computation  very  neaily  the  diSeretice  of  altitude  by 
which  to  reduce  the  obsarvod  to  the  meridian  altitude.  Ths 
correction  is  called  the  "Reduction  to  the  Meridian."  In  point  of 
Bimpliuily,  tiiia  method  of  finding  the  latitude  is  next  to  that  by  ttw 
actual  obaervatton  of  the  meridian  altitude.  Even  when  the  nicridiaa 
altitude  eon  be  observed,  it  will  be  liable  to  error*  of  observation, 
and  may  be  too  great  or  too  smalL  A  red  uoUon  to  the  meridisfi 
which  will  enable  ns  to  make  use  of  a  larger  number  of  obsurvatiooi 
will    obviously    diminish    the  probable   error 

Latitude  <U.). 


Refieotlng  Circle- —An  astronomical  in 
anguhtr  distances;   it  is  the  same  in  principle  with  the  sextant,  faut 
its  limb  ia  a.  complct*  circle.— See  tmder  Circle. 

ReSecting  Sector. — The  general  name  for  all  instrumenl* 
similar  In  principle  to  Hadley's  Quadrant,  whatever  b«  the  extent  at 
Ibeir  limh. 


Reflection  (L.  riflecUrf,  ••to  turn  lnK'k"),— A  turning  back 
after  striking  upon  any  surface,  applied  to  light,  heat,  sound,  etc 
We  are  coacemed  only  with  light.  When  a  ray  of  light  is  inciduat 
upon  a,  plane  jMiliBlied  snrfoi^e,  the  angle  which  its  direction  mskea 
with  the  normal  (or  perpendicular)  to  tlio  aurface  is  called  theaiiglr.^f 
iaeidatee,  and  the  angle  whicii  its  direction,  after  being  turned  buck 
from  the  Burfttce,  makes  with  the  normal  is  called  the  angle  of  rejection. 
The  experitaental  laws  of  reflection  are — (I]  The  incident  and  niilected 
rays  lie  in  the  same  plane  with  tho  nnrmal  at  the  point  of  incidcnoo, 
and  on  nppoaite  eidea  of  it ;  (2)  The  angles  of  incidence  and  reflectioa 
nre  eiiunl.  Three  most  important  deductions  from  these  laws  (being 
practically  applied  in  the  oonatruction  of  instnuneDtB)  i 
following : — 

1.  Pr'mdple  of  the  Aiiifitial  Horiiou. — The  image  ot  an  object 
refloctcd  from  a  horiroat*!  aurtace  appears 

t  much  lielow  the  horizontal  line  as  the 
object  itself  is  abo^e  it;  and  heaco  the 
juijpilar  distance  between  the  object  itscU 
Alid  the  reflected  image  gives  double  the 
•Ititiide  of  the  object.  For  the  angle  ot  incidence  (XNM)  beingcqual 
to  thoangle  of  reflection  (MSB),  i-HNX  =  z.BNB=  iHNX'(Eue 
i.  15)  .-.   ;.XNX'  =  2HNX. 

2,  Frineiplc  of  nadUy't  Sextanl,  and  tijaUar  ijuti-ummtt. — The 
deviation  of  a  ray  of  light  wlilch  is  reSected  at  the  surface  of  Iwq 
pUute  nirrora,  inclined  to  each  other  at  a  given  angle,  in  the  plaue 
perpeudicular  to  the  Uae  of  their  intersection,  is  double  the  angle 
between  the  mirrors.  Let  Ui,  IM'  be  sovtions  of  the  two  mirrors  i>y 
tlic  plane  in  whicli  the  course  of  the  ray  XRRE  lies,  and  lot  XR  and  ' 
R'E  intersect  cavh  other  in  C.     To  ou  eye  al  K  the  image  of  tha   I 
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source  of  light  X  will  appear  in  the  direction  £R',  the  nty  htTing 

been  deflected  through  tiie  angle  XCR'.  To  find 
''-  ^         this  angle.    There  are  two  cases,  according  u 

M  ^y^  the  normalB  Rn,  RV  intersect  (in  the  p«nt  %) 

between  the  mirrors  or  not. 


Case  1. 
XCR'  =  CRR'  +  CR'R 

=  2  (tiRR'  +  nTR'R) 
=  2  (ir  -  Rn'R') 
s  2  I  (Euc.  L  32,  cor.  1). 
Case  2, 
XCR'  =  XRR'  -  RR'C 
=  2nRR'  -  2»'R'C 

=(|l-R'Rl)  -2fZ  -  RR'M'  ) 

=2  (RR'M'  -  R'RI) 
=  21. 
It  is  thus  that  the  sextant,  with  a  limb  of  Af 
only,  can  be  U8e<l  to  measure  an  angle  of  12ir. 
The  divisions  on  the  limb  are  graduated  at  double  tlieir  actual  irilne^ 
60  that  the  reading-off  gives  at  once  the  auglo  observed. 

3.  Principle  of  the  Prism  Heflector, — When  a  ray  of  light  attempte 
to  pass  from  a  denser  into  a  rarer  medium,  and  the  angle  of  inddmoe 
exceeds  a  certain  magnitude,  depending  upon  the  two  media,  it  viU 
not  pass  through,  but  is  reflecteii  back  into  the  denser  medium.— See 

under  Refraction. 

This  fact  enables  us  to  utilize  a  prism  (say  of  crown  glass)  to 
change  the  direction  of  a  pencil  of  light  by  which  an  object  is  aeen^ 
making  its  appaieul  '^\syce,  .^  NW«^\2at^>\^U  the  prism,  ooincido  witk 
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tiie  actn&l  place  of  another  object  viewed  directly.  Thai  a  prinn 
flarried  on  a  ring  pwullel  to,  and  concentric  with,  the  compaaa  card 
la  the  means  used  for  reading  off  bj  reflection  the  graduation  of  thd 
(nrd  below  it,  while  the  object  ^oee  azimuth  is  being  obaerred  ia 
viewed  directljr.  Such  ia  the  arrangement  in  the  old  Aximath 
Priamatic  Compaaa.  In  the  aame  manner  the  priam  attached  to 
Iiord  KelTin'a  Compaaa  fumiihes  the  meana  for  reading  the 
gndnation  byreflection  while  viewing  the  object  directly,  or  viewing 
the  object  by  reflection  while  reading  off  the  graduation  directly. — 
See  OompasB,  Axlmuth. 

Refraction  (L.  rejractua,  from  r^/ringfre,  "  to  break  ").— When 
•  ny  of  light  paaaea  obliquely  from  one  medium  to  another  of  different 
density,  ita  direction  ia  broken  and  changed  at  the  surface  which 
aepantes  the  two ;  this  change  of  direction  is  called  refraction.  The 
following  are  the  experimental  lawa  of  refraction ;  (1)  The  incident 
and  refracted  rays  lie  in  the  same  plane  with  the  normal  (or  perpen- 
dicnlar)  to  the  anr&ce  at  the  point  of  incidence,  and  on  oppoaite  sides 
of  it ;  <2)  The  angle  of  incidence  and  the  angle  of  refraction  being 
thoee  which  the  ray  makes  with  the  normal,  the  sine  of  the  angle  of 
inddenco  bears  to  the  sine  of  the  angle  of  refraction  a  ratio  dependent 
only  on  the  nature  of  the  media  between  which  the  te&oction  takes 
place,  and  on  the  nature  of  the  light. 

Let  SP9'  be  the  common  aurfoce  separating 
tbB  two  media  M  and  M',of  which  M  ia  nrer 
than  H ' ;  and  let  the  angle  of  incidence  nPr  of 
the  ray  passing  from  M  t^}  M>  be  called  ^  and 
the  angle  of  refraction  nTr*  be  called  ^'. 
Then  Sin  ^  =  n  Sin  ft',  where  /i  ia  a  quantity 
independent  of  ^  and  depending  only  upon  the 
nUtive  donrntiea  of  H  and  M>  and  the  nature 
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of  tho  light.  Thus  it  has  a  oer^n  value  for  refraction  from 
into  plate  glass,  another  from  air  into  water ;  it  also  has  one  tiJh 
for  rod  and  another  for  green  light.  The  quantity  ^  is  called  tk 
refractive  index^  and  when  only  one  medium  is  mentioned  il  i 
understood  to  indicate  the  refractive  power  of  that  substance  oai 
ray  entering  it  from  vacuum.  Thus  for  the  diamond  fi  «  2*450,  for 
ice  /A  =  1*509.  Experiment  shews  that  when  the  ray  is  refinetil 
from  vacuum  into  any  known  medium  fi  is  greater  than  unity,  sadai 
generally  when  it  takes  place  from  a  rarer  to  a  denser  medium:  ■ 
other  words,  the  refracted  ray  lies  nearer  to  the  normal  lb 
converse  is  the  case  when  the  ray  passes  from  the  denser  into  tbi 
rarer  medium.  For  no  known  substance  is  the  index  of  refractioi 
greater  than  3,  so  that  ft  varies  from  1  to  3. 

When  a  ray  passes  from  the  denser  to  the  rarer  medium,  it  ii 
refracted  fui-ther  from  the  normal ;  and  as  Sin  4>  =  fi  Sin  0,'  Sin  ^'" 

fi*  Sin  0  where  /tt'  =  —  and  \-aries  from  —  to  1.  If  now  theaqdi 

fl  o 

^'  is  increased,  the  angle  0  is  also  increased,  and  the  latter  booooei 
a  right  angle  when  tho  former  is  equal  to  the  angle  whose  sine  ii  | 

equal  to  fi'  or  — .  Hence  when  the  ray  from  the  denser  mediu 
strikes  the  separating  surface  at  an  angle  whose  sine  is  —  it  iar»> 

fractod  along  the  surface  and  does  not  emerge.  If  0'  is  fnrtlMr 
increased,  the  ray  of  light  (IPl^J  is  r^ecUd  back  into  the  deuHr 
medium  according  to  tlie  laws  of  reflection.  For  exxunple:— Tbe 
refractive  power  of  crown  glass  varies  from  1^25  to  1*554;  takiqgft 

3  2 

at  -^ ,  reflection  occurs  when  4>  exceed  Sin-*  — ,  which  is  41*  ^f. 

This  is  the  ptiucV^Aft  ol  VJaa  ^^rAm  T^flectors  attached  to 
oompaaaes.— See  Ooiiil?W»i 


The  subject  of  refraction  ia  of  grent  importance  to  tlie  navigator 
.  being  ttie  prinolplc  on  wiiicli  the  tj>Iuscapua  ustd  by  him  ara 
instnicteil,  ami  as  affecting  the  obBon-BtiDiis  made  by  him. 

Refi-action,  Aatronoinical.— The  deflection  causetl  ID  a  ray 
'  light  from  a  lieaveaty  body  by  its  pauing  through  the  earth's 
.moflpliere ;  and  (as  an  object  nlways  appears  in  the  direclion  that  tho 
piiual  ray  bai  when  it  enters  the  eye)  tho  oouiequent  nlteratjon  in 
he  apparent  place  oE  the  liody  as  seen  liy  a  spectator  on  the  earth'i 
irface.  The  term  Brfritrliun  is  also  used  in  a  technical  sense  for 
he  correction  to  be  applied  to  the  place  of  a  heavenly  body,  aa 
atnally  viewed  through  the  atinoephero,  to  reduce  it  to  what  it 
rould  have  been  bad  the  body  been  viewed  through  a  uniform 
tedium.  The  general  efTect  of  refraction  is  to  cause  the  heavenly 
odies  to  appear  higher  above  the  horizon  than  they  actually  are. 
M  0  be  the  station  of 
oltserver  on  the 
krth's  snrFace.  OZ  the 
oimal  to  the  surface  at 
Z  the  true  ztnith. 
lie  atmoepliaie  may  lie 
Miceived  lu  formed  of 
mcentric  atra'a  of  air, 
Inuoishint;  in  density  as 
\y  recede  from  the 
'th'a  surface.  Let  X  be 

leavenly  bo<!y  beyond  the  limit  of  the  atmosphere.  Then,  iftbero 
•re  DO  atmosphere,  X  would  >ie  referred  to  z  on  the  celestial  oon- 
tva  by  means  of  a  my  of  light  proceeding  in  the  straight  line  XO ; 
It   tbe  intervention   of  the  atmosphere   causes  this  n,^   tn^u 


refimoled  that  it  usvw  TMches  the  ey«  of  the  obii 
on  entering  ee^h  stratuui  it  is  bent  towarila  the  normal  |i 
aa  theie  atrata  increoae  in  density),  and  tiunlly  reachca  liia  eartb'l 
■urfiic*  at  a.  Tb«  oliaerver  at  0  actunllj'  seca  tbe  body  X  li;  a  nj 
which,  if  tliere  were  no  atmosphcTe,  would  strike  the  earth's  snrbn 
behind  tiim  at  t,  but  whioh,  liy  the  iDterveution  of  Uie  nlmn^tHn. 
ia  refracted  in  tbe  direction  r^/>0.  In  tbe  limit,  when  w«  c^narfltf 
the  strnta  to  bo  indeGoitety  thin,  the  path  of  tbe  ray  through  it* 
atmospiiere  wiU  be  a  continuous  curve,  and  llie  direction  in  which  tkt 
object  will  be  aeen  will  be  the  tangent  to  the  curve  at  tlic  jiM 
neatest  to  tlie  observer's  eye.  Aa  tlie  ntniospliere  is  umiUr  ca 
opposite  aides  of  the  vertical  plnne  through  XOX,  the  raya  of  ligbt 
from  X  will  not  be  refracted  out  of  that  plane  ;  bence  a  heannly 
body  appears  to  be  raised  by  refraction  in  a  vertical  plane  abovs  IM 
true  plnee.  The  body  X  will  thm  be  referred  by  the  observer  ■!  0 
to  the  point  x'  of  the  celsitial  concave.  The  ore  xx'  is  therefore  ibt 
alteration  in  tbe  apparent  place  of  the  liody  X  duo  to  refraction,  sad 
this  quantity  has  to  be  applied  tu  a  corrctiou  to  the  apparent  plsee  la 
finding  the  true.  Aa  refraction,  like  parallax,  takes  place  iu  a  vertical 
plane,  these  two  correctione,  though  altogether  different  in  Ihdr 
eharacler,  are  combined,  and  form  the  '■Correction  in  Altitude." 

Refraction  ia  of  all  aatronomical  corrections  the  moat  ditEcnlt  to 
deteniiina  with  accuracy.  The  refracting  power  of  the  atmoaplMia 
varies  with  its  deniity,  aud  tliis  ia  affected  in  any  particular  stiatal^ 
not  only  by  the  superincumbent /xfMUfY,  but  alao  by  its 
and  its  degree  of  mouture  ;  aud  we  are  not  dcBnitely  acqnaiiitei) 
the  lawH  of  their  diitributioii.  The  following  are  tbe  general  fealiD* 
of  aatronomical  refraction  : — 

I.   It  tAkes  nln-ce  in  a  venScaX  ^\wna.     In  the  Huith  tliere 
g^rwiiiaa  ■  in  dciK-^n^'"t^Tom  vV^TOvJi^VVa^ipft^^^wfl^xv-anynaallJ 


:i 
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increases;  the  rate  of  its  increase,  especially  near  the  zenith,  is 
nearly  in  proportion  to  the  tangent  of  the  apparent  zenith  distance  ; 
the  lawy  however,  near  the  horizon  becoming  more  complicated.  The 
average  amount  of  refraction  for  an  object  at  the  apparent  altitude  of 
45**  is  about  V  (more  accurately  57") ;  at  the  visible  horizon  it 
amounts  to  33\  which  is  rather  more  than  the  greatest  apparent 
diameter  of  the  sun  or  moon.  We  must  here  note  some  resulting 
phenomena. 

^a^When  the  bodies  are  near  the  horizon  the  effect  of  refraction 
will  be  different  in  degree  for  different  points  of  so  consider- 
able a  disc  as  that  of  the  sun  or  moon.  The  highest  and 
lowest  points  of  .the  vertical  diameter  will  both  be  raised  by 
refraction,  but  the  lowest  more  than  the  highest ;  consequently 
the  diameter  will  be  shortened,  and  the  same  thing  will  be  true 
for  every  line  parallel  to  this  diameter.  The  horizontal 
diameter  will  not  appreciably  be  altered.  There  will  in  reality 
be  a  slight,  though  a  very  slight  alteration,  as  the  two  extrem- 
ities of  the  diameter  will  be  raised  in  vertical  arcs  which  meet 
in  the  zenith.  From  the  above  it  appears  that  when  obser- 
vations of  the  sun  or  moon  are  taken  near  the  horizon,  a 
correction  must  be  made  to  the  semidiameter  before  applying  it. 

(b)  Since  the  refraction  near  the  horizon  amounts  to  more  than  33', 
the  sun  will  appear  just  above  the  horizon  when  he  is  in  reality 
entirely  below  it ;  and  hence  refraction  has  a  considerable 
effect,  especially  in  high  latitudes,  in  lengthening  the  period  of 
dnylight.  It  has  a  similar  effect  in  the  time  of  the  rising  and 
setting  of  the  other  heavenly  bodittj. 
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L                 <r)  Hon(»  also  the  groat  TefrMlion  at  llie  horiioii  iieiiai)ilj  «ff«n« 
^^^H           tbe  apparent  amplilude,   bad  a  cortection  for  refnkctiou  tliu* 

^^^      3.  Wlieti  UiobaromeleriBhiehertlianilsmeaa  height,  the  ftmouDt 
of  refrnction  is  grwiler  than  its  mean  amount ;    uheii  lower,  leu. 
Tlie  colder  tlio  air,   Uia  greater  the   rBfraction.       TLh   Tallies  ol 
RefractLOD  in   use  among   uavigatora  aie  tooBlructeJ   nii   the  mp 

ami  FiibrBnlieifi  thermometer  at  50°,   according    to   Ivory.        Thi 
argument  of  the  principal  table  which  give«  this  tnean  value,  u  lln 

aiiJ  tliennometiT  being  given  in  auxiliary  taklcf. 

Refraction,   Terreatrial.-The   change   iu  the  position  (J 
terrestrial  objects  due  to  their  being  viewed  through  the  meilinin  of 

within  the  atniospbere.     The  effect  is  in  gonoral  to  make  an  Dbjtst 
appear  higher  than  it*  true  place,  and  its  average  amount  ii  al«ut  -ft 
of  tbe  intercepted  arc.      As  a  minute  of  a  degree  of  a  great  circle  of 
the  earth  is  in  length  iiearly  a  mile,  the  refraction  in  miuutei  may  be 
thus  obtaiueil  (rom  the  distance  in  milea.     Tlie  amount,  however,  of 

between  J  and  A  "f  the  intercepted  arc.     Tbe  moat  iroporUut  object 
to  the  navigator  which  U  thus  affected  ia  the  sea-horljton.        In  con- 
serjiienae  of  refraction,  the  apparent  dip  is  less  tliiui  the  true. — S«a 
under  DeproBBion.                                                                            ^ 
Ilefi:ulUS(L.  diminntiveot-yr,  "aking"l.-Thc  name  <^|M^ 
bright  star   a  Uo-nU.     T\>e  '««»:&.  \«  »-  ^.'nu>UtiCli^  of  tbe  oU  ^^H 

Repeating  Clrele.—An  oat ronomical  circle  conBtmctedol 
principle  of  repeatiog  the  mensarcmect  of  the  angle  required  without  J 
multiplying  \iie  ainglo  rufuling-off,  thus  tlitwretically  dimmishiiig  hy  I 
divisioQ  the  error  ariaiug  from  imperfect  graduatiou.  —  See  uuder  I 
Circle. 

Retard  or  Age  of  the  Tide.— Tlie  internal  between  tha-J 
transit  of  the  moon  a  which  a  tide  originates  and  the  appearance  of  Ll 
the  tide  itself.— f5oo  under  Tide. 

Retardation  (L.  relardatio,  "a  slowing"  from  lardnt  "alow  ").  I 
A  reUtivB  (iecrcaae  in  velocity,  opposed  lo  artiUralion;  it  mBy  b 
rc^rdcil  as  aceeleiutiOQ  reckoned  uc^tively. — See  Acceleration.    | 

Retardation  of  Mean  Solar  on  Sidereal  Time.— T 
cb&ngu  nf  the  mean  sun's  right  nscunsion  in  a  eidcreiil  day 
canswiuence  of  which  he  uppuara  to 
hang  hock,  as  it  were,  in  his  diurnal 
revolution.  Hence  the  name.  To 
explain  this — Let  V  be  the  llrst  point 
of  Arie»  on  the  meridian  on  any  par- 
ticular day,  and  VPM  the  correspond. 

mean  solar  time.      When  tlie  Srst 
point  of  Ariu»  comes  again  to  the  meridian  after  thehtpee  of  asidereol-l 
day,   the   mean  B\in  will  have  moved  to  the  eastward  by  n 
proper  motion  in  right  ascension,  through  the  arc  MM'  say.    Thus  ia  f 
the  diurnal  revolution  from  oaat  to  west  the  mean  sun  will  be  al 
instead  of  at  M,  appearing  therefore  to  hang  back,  while  the  a 
Botar    time   is    "retarded"  with  reference  to  sidereal  time.      Tho  | 
amount  of  retardation   for  any  given  inten'al  of  sidereal  li 
enable  as  to  deduce  the  mean  solar  time.  In  the  '  'Nautical  Almanac-^ 
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1         pp.  r-Oe,  507,  is  given  a  ■' Tuhlo  tor  converting  Intervals  ol  Sidorod 
Timr.     inl..     E4uiv,U™i     Ii,t«n-aU     of    Mean    Solar   Tirae."-S« 
Acceleration  of  Sidereal  on  Mean  Solar  Time. 

Retrograde  Motion  — i  he  ^'laduul  advance  of  Uie  planeta  in 
the  liL-avena  U  in  general  from  west  to  east.    This  ia  caUcd  the  J«ttt 

planet  u  sUtionary,  and  periotia  of  motion  froQi  east,  to  west.     This 
latter  ia  oaUed  rflrogratlr.  notioo. 

violent  Htcirais  which,  w  hilo  ad\-ancing  liodily  in  a  definite  direction, 
zutate  alxiut  an  axis  with   great  rapidity.      A   more   corrrct  and 
•ppropriatfl  gener.c  term  would  lie  Spintl  Slorm:     They  are  cxptri- 
enood  at  certain  periods  of  tlio  year  in  low  latitudca,  and  arc  oUed, 

Tonm'lo:  —Sec  StorniB.                                                                              ■!■ 

Revolution  ond  Rotation. —Sec  Rotation.                  ^^| 
RJiumla  Line  or  Rhomb  Line  (Gk.  l,6Mfi«,  Attic  f°n«BV 

J4«3or,   "awhirl"  from  ^(j.j3«»,  "  to  turn  round  and  raiind  ").— The      " 
curve  on  the  earth's  sui-face  which  cula  uU  the  meridiaaa  at  the  aaine 
angle.      The  word  rhumb  waa  formerly  applied  to  the  oblique  pointi 
of  the  compaas,  and  hence  "  to  sail  on  a  rhumb  "  was  to  s»il  on  a  par- 
ticular  eompasa  direction  obliquely  to  the  uicridiua  :  hence  again  tie 
term  came  to  be  applied  to  the  track  desoribed  by  a  ship  whicli  always 

pole,  any  rhnmb  curve  (making  a  constant  oblique  angle  vrith  them) 
if  continued  will  wind  round  the  globe  and  approximate  to  the  pole 
without,  however,  ever  rent'hing  it.     That  auoli  a  curve  mny  bedrawn 
■ibrOBgh  any  two  given  Y*>mte  will  appear  from  ibis  conBider*tion— 

that  from  one  of  tbe  points  an  tndefinito  number  of  these  cun 

be  drawn  making  diffrrt-nt  angles  with  the  moriilian,  and  oi 

one  of  these  the  second  point  must  lie.     It  ia  evident,  also,  that  only  3 

-one  of  these  curves  cun  pass  through  the  two  points.      The  iuitUlJ 

limiting  direction  of  all  the  rhumb  curves  that  can  be  i 

meridian,  itnd  the  terminal  limiting  direction  is  the  eiiiiator  or  one  OvV 

ita  psrallsU,  which  are  all  at  right  angles  to  the  meridian.      Thesa  J 

limila,  which  are  circles,  are  properly  excluded  from  tlie  definition  atm 

the  word  "rhumb,"  which  meansobliqueoraliuiting,  Therhumbeo 

does  nut  form  the  boundary  of  a  figure 

like  the  circumferance  of  a  cir-cle,  but 

is  what  is  called  aspiral.  The  annexed 

dingramB  shew  a  rhumb  curve  Oi'rr 

rtju^ing  from  the  equator  at   O.   and 

Approaching  aaymptotically  the  north 

pole  P.     The  second  figure  is  b  projection  on  the  equator. 


The  rhumb  is  the  traclt  useil  ordiiMirily  in  oavigution,  for  althouj 
it  has  tlie  disadvantage  of  not  being  the  ahorteat  dialanco  betwee 
two  places,  it  possesses  tbe  advantages 
of  not  requiring  tbe  navigator  lo  alter 
hi*  course,  and  of  being  reprcscntnl  by 
«  straight  line  on  the  Mercator's  chart. 
This  straight  lino,  however,  it  must  be 
borne  in  mind,  only  marks  the  course, 
oqtial  parts  of  it  not  representing  eijual 
n  the  earth. 
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The  Rhumb  cur^'o  belongs  to  the  class  of  Loxodroimc  Cu 
la  an  B-piiangitlar  Spiral,  which  see. 

Rhumli  Sailing;  The  Pondamental  Definl 

The  six  fundamental  definitions  of  Khumb  Sailing  may 
gTonpedMl)  The  Court  and  The  Dittaaee ;  (2)  Tht  D^ 
LongilmU  and  Tht  Tntt  Difftraict  of  Latitude ;  (3)  The  i 
and  The  Merulumal  Diferenee  of  Latitude.  These  will 
defined  under  their  several  heads,  but  they  may  be  con' 
explained  together  with  the  aid  of  the  adjoined  figures.  I 
stereographio  projection  on  the  first  meridian,  fig.  2  e  ster) 
projection  on  the  equator,  and  fig.  3  Mercator'g  projection. 
be  the  poles  of  the  earth,  QgQ'  the  equator,  PQP  the  first  i 
•nd  let  ZZ'  be  two  places  on  Ute  surface,  VZq  aud  Pi 
meridians,  cutting  the  equator  in  q  and  ^.    Then 

1.   CouTte  and  DUlauct. 
Let  the  rhumb  line  ZZ'  be  drawn  between  Z  and  Z'.     The  c 
iatic  property  of  this  curve  is  that  it  cuts  all  the  int« 

meridians,  Pr,?,,  Pr,^,,  IV,^, at  the  same  angle,  i.e. 

the  angle  PZZ'  =  Pr,Z'  =  Pr,Z'  = j  the  common  ar 

is  called  the  Courw  between  Z  and  Z' ;  and  the  arc  ZZ',  exp 
oautical  miles,  is  called  the  Diitanct. 

2.    J>ijerenee  of  Loiigltadt  and  True  Diftrenet  ofLatiti 

Draw  the  parallels  of  latitude  71Z  and  p'7.'  throngh  Z  and  2 

Q7  and  Qi^  are  the  longitudes  respectively  of  Z  and  Z',  and 

their  latitudes.    Then  the  arc  qq'  is  called  the  Dijertnet  ofL 

and  the  Aropp'  the  True  Diftrtnet  oj  Latiludt,  of  Z  and  Z'. 

Jt  is  (he  o/^tro«  difference  \.Wtv&».VB».li'ni<«i&va.«nchcai 


^^^^^  Fig.  3.  near  to  eacli  other,  r,  being  indefinitd 

''"'''''  '     "      nd  through  them  draw  tl 

moridianfl  Pq,  Fq,,  Prj,,  Pi/,, 

a  of  pftmlleU  of  latitude  r 
>'t<'ii  ''■''it  ■  ■  ■  '  111  the  limil, 
Iriongles  Zr,(/,, 

figs.  I  and  2  may  be  considered  (i^ 
angled  plarK  triangles ;  them 

r„  d,r„  d,r„ 

and   Z'   ia  called   the   Drpaiiurr ;  if  these  elementary  arcB  of  ti 

-departure,   rf,r„   d,r,,   d^r, be  BuppiiBod   to  become  e 

rmpoctively  to  the  correnponding  dlfTervDceB  of  longitude '^g,, 

^,(j, in  fig.   3,   the  triftuglei!  Zr^d,,   r,r,rf,.  r,r,d^, 

remaining  simitar  to  themxclves  during  the  change,  then  the  si 
V  portionn  of  latilndo  Zd  v,  r  jil  „  t  ^  ^, . 


■3  r  ,  7  —  * 
7  'i'lT^^ 
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But  here  it  must  always  be  remembered  that  the  elements 
departure  and  meridional  dijhmce  of  latitude  are  oharacteristio 
respectively  of  Plane  sailing  and  Mercator  sailing ;  the  former  being 
found  only  in  plane  sailing  formulae,  the  latter  only  inthe  Mercator 
formula :  they  never  appear  together  in  the  same  expression. 

Rhumb    Sailing:  Fundamental  Propositiona— The 

three  general  formulie  which  embody  the  fundamental  propositions  of 
rhumb  sailing  are — 

1.   Sin  course  =  ,-  y 

dist. 


2.   Cos  course = 


3.  Tan  course  = 


true  diff.  lat. 
dist. 

dep. 


Plane  Sailing. 


True  diff.  lat. 


3'.  Tan  course  =      ^'^'j^^g- 

mer.  diff.  lat. 


.  .  Mercator  Sailing*. 

In  the  particular  case  of  «*  parallel  sailing  "  the  formula  used  is 

4.  Dist.  =  diff.  long,  x  cos  lat. 

from  which  again  the  formula  for  the  approximate  method  of  **  middle- 
latitude  sailing''  is  deduced -viz. 

5.  Dep.  (nearly) = diff.  long,  x  cos  mid.  lat. 
And  hence 

3"    Ton  /w%nr«»      *^ifl^-  l^n^.  X  cos  mid.  lat.  ,  *  •      x  i     » 

•    A  an  course  — -— = —  (Approxunately.) 

true  diff.  lat.  "^  ' 

Equations  4,  5,  and  3"  will  be  found  proved  under  the  headings 

ParaUel  Sailing  and  Middle-Latitude  Sailing ;  the  general 

ones  1,  2,  3,  3'  may  be  proved  together  as  follows :— Using  the  figs, 
land  2  of  the  last  article,  and  remembering  that  in  the  limit  the 
tri&Dglea  Zd^r^^  r^d^r,,  r^d^r^^  ....  are  considered  right-angled 
plaao  tnangles ;  then 


RHUMB  SAILING. 


399 


1,   d^rj^=Zr^  sin  d^  Zr^ 
d^r^=rir^  sin  d^r^r^ 
d^r^=r^r^  aind^r^r^ 


•  •  • 


•  •  • 


/.  d^Vy^  +  d,r,  +  d,r,  +  .  . .  =s  {Zr^  +  r^r,  +  r^r^  +  .  .  OsinPZZ'' 

or  Departure  =  distance  x  sin  course. 

2.  Zdj  =  Ztj  cos  di  Zr^ 
Tjci,  =  r^r,  cos  dj^r^r^ 
r,<?3  =  Tjr,  cos  d^Vj^r^ 

•  •  •  "■""  •  •  • 
/.  ZJi  +  r^rfj  +  rjd,  +  ,  .  ,  =  (Zr^+rir,  +  r^r,  +  . . .  )cosPZZ' 
or  True  difference  latitude  =  distance  x  cos  course. 

3.  d^Ti  =  Zil^  tan  e^iZr^ 
d^r,  =  r^rfj  tan  d^r^r^ 
^8^3  =  ^«<^s  <»n  d^r^r^ 


or  Departure 


(Zd^+r^d^  +  r,d,+. . .)  tan  VZZT 
distance  x  ton  course 


3'.  Since -l>^  =  -^^i-  ,  -^  =^^  ....  (Fig3). 

.-.  9(/i  +  7i^»  +  9i9»  +  .  .  .  =  fpPi  +  PiPa+P«P«  +  .  .  .)  tan  PZZ' 
or  Difference  of  longitude  =  meridional  diff.  lat.  x  tan  course. 
Aid  to  Memory, — The  above  important  formulee  may  be  easily 

remembered  by  carrying  in  the  mind's  eye  two  similar  right  angled 
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BIGHT  A9CIKSI0K. 


I^m^   .  1 

/ 

/ 

/ 
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rO/ 
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t    f 

triangles    CDP,    CMQ    of  sensible  m     Diff  Lottg    p 

magnitude  but  similar  to  the  small 

e\'ane8cent  triangles  in  Figs.  1  and  3 

(Page  397).    The  first  CDP  is  for 

Plane  sailing,  the  second  CMQ  for    ^ 

Mercator  sailing.     The  only  element  ^ 

common  to  the  two  is  the  course  C.    ^ 

The  hypothenense  CP  of  the  plane   (^ 

sailing  triangle  represents  the  dist- 

ancty  which  is  not  represented  in  any     C  C 

way  in  the  Mercator  triangle.     The  other  pair  of  sides  express  the 

relation  of  Mercator  to  Plane  sailing 

CM_^C]).   Mer.  diff.  lat.  __True  diff.  lat. 
MQ      DP  '      Diff.  long.  Dep. 

Rigel. — The  Arabic  name  for  the  bright  star  /S  Ori*onM.~See 

Orion. 

Rig^ht  Ascension  (L.  rectus,  "right,"  "straight";  ascenm, 
**  rising"). — The  right  ascension  of  a  heavenly  body  is  the  arc  of  the 
equinoctial  intercepted  between  the  first  point  of  Aries  and  the  circle 
of  declination  passing  through  the  place  of  the  body.  Or  it  may  be 
defined  as  the  angle  at  the  pole  of  the  heavens,  between  the  hour- 
circle  passing  through  the  first  point  of  Aries  and  that  passing  tlirough 
the  place  of  the  body.  Right  ascension  is  always  reckoned  from  the 
first  point  of  Aries  eastward  (in  conformity  with  the  direct  motions 
of  the  heavenly  bodies).  It  is  estimated  either  in  time,  by  hours, 
minutes,  and  seconds,  from  0  to  24h  0«n  0*.  or  in  angular  magnitude, 
by  degrees,  minutes,  and  seconds,  from  0  to  360°  0'  0*.  Tight 
<aacension  and  declination  are  the  equinoctial  co-ordinates  for  defining 
the  positionB  of  poinia  on  \i\i^Qfi\QsXKaX.Q.^iicave,  and  indicating  their 
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poaitioBB  rcUtively  to  each  other.  To  understand  tlie  dctivfttion  ol 
the  tenn,  it  must  be  borne  in  mind  thnt  the  words  "  ascension  "  and 
"dcsccnaioD"  were  formerly  used  with  reforonoo  to  tho  rjaing  fti') 
■Btting  o(  tliB  hcdviMitf  boiliea.  The  oKCtaiiiaa  was  the  arc  of  the 
cquiuouHnl  intercopted  between  the  first  point  of  Ai'iea  and  tho  (n 
point  when  tbv  body  Is  rising ;  the  dtietiuion  the  Hru  of  the  wjuinoctinl 
interceptfld  belworn  the  fint  point  of  Ariea  rind  the  west  point  whan 
tho  body  it  setting.  We  folLow  further  the  former  term  only. 
I  ohliiino  Hphere  the  imcunvion  was  qaoliliail  as  the  "  ohUqua 
enaion  "  to  uli  ohserver  anywhere  except  ou  the  acjufttor  or  at  tho 
pole*,  the  liouvunly  bodios  shooting  up  obliquely  from  the  harlnnn. 
Od  tbfl  right  sphere  the  word  wm  qualified  as  the  "  right  ucension  " 
to  an  observer  at  the  iK|iiator,  the  heavenly  bodies  shooting  up  porpon- 
dicululy  to  the  horizon.  Thus,  if  X  be  a  body  rising,  E  the  a 
point,  and  r  the  first  point  of  Aries,  then  {fig.  l)rE  is  theubliqua 
Mcenojon  of  X.  Again  (fig.  2)  where  R  is  the  east  point,  r  R  ii 
Hght  asceaaion  of  X.  The  obLique  and  right  ascension  are  conneutixl 
thus :— Draw  (fig  1)  the  hour-circle  PX,  interaevling  the  equiuoctikl 
in  D  ;  then  the  right  aacenaion  T  R  i»  found  by  taking  from  the  oblique 
aaecnsionrE  the  arc  RE,  whioh  is  oillcd  the  "  aeoBnaional  ^ 
i<Ufrercace,"  its  magnitude  depending  upon  the  Lititude  of  the  olisurver,  \ 
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Right  Ascension,  Circles  of.—  ih'cat  cirdos  of  Uie  cdascUl 
e  passing  tlirougli  lliu  puLe^  of  the  caiuinoclial,  (Uul  no  vallel 
bacaitso  tbu;  sevnraU;  muk  uut  ull  poiuU  that  liilivu  tins  rajna 
"  right  ftacensioD."  Id  tlie  polar  system  of  eqiiiuoulial  co-anliiul«, 
uaad  for  indioating  tim  pUuus  of  uelaatial  objects  raUtircly  to  i^ 
poaition  of  the  observer  on  tlic  earth's  surfooe,  IhMO  circles  &r«  ownel 
"  Hour  Oirclai"  as  marluDi;  out  all  tlie  poiata  that  have  the  auna 
hoiir- tojjle.  Tlmy  aruga"ier»Uy  oaUe-l  "  C'ltvlt*  <i/  Dtfiiitaiioii,''  t-fUx 
Iho  analofty  of  reutitinBur  uo-ordiniLtefl,  from  the  element  that  ii 
tnooaurcd.  not  try  them,  but  upon  tliem— the  d«clinivtion. — Compan 
"Circles  of  Longitude"  ;  "  Circles  of  Azimuth." 

Biglit  Ascension   and  Declination.— The  wiuinootal 

ooH>rdinnt«s  for  clolining  the  puaition  of  points  of  the  cetestint  concan. 
anil  iniiii'Htin^  l.lietr  positions  rulativuly  to  each  other.  Right 
sscenaion  ia  nunuuitMl  ou  the  equinoulial  from  the  first  point  o(  Aria 
enstward  (in  ixinfornut;  with  the  direst  movemoQls  of  the  heairealf 
bodies)  from  0  to  2A^  ;  declination  is  measured  on  the  aeciMidnriMof 
tho  equinoctial  (wliich  are  honoe  called  circle*  of  declinatjon)  to  tbs 
north  and  south  polos  of  the  heavens,  from  O'  to  90'. 

Right    Sphere.— The  sphere  in  that  position   In   which  tto 
cir>--lc9  iippiranlly  deaoribe.1  by  the  heavenly  bodies  in  their  dianat 
are  at  right  angles  to  the  horitoo.     This  :a  tho  appeamnn 
la  a  spectator  on  the  equator.    The  riykt  tph«re  ia  diatiuguished  fran 
tha  parallel  tphm  and  tho  obliiiue  tphere. 

Rising  and  Setting.— .V  hoivtinly  boily  ia  said  to  be  on  the 
point  of  lliaiii'j  wlieii  its  cuiitro  is  in  tho  oostem  part  of  tlio  ccleatiil 
horixou  ;  and  ou  tli<>  point  of  Selliivj  when  it*  ce 
part  of  the  a;leslia.\  Vvwiinu. 
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imliko.      Let  T 
of  riaiDg,  and  f 


I'o  Sad  llit  lime  o/t/ie  riiiiig  atul  Klliaij  of  a  luniKnty  body.  Let  c 
id  J  be  the  oo-latituds  and  latitude  of  tha  obserfer,  p  and  t^  tlio 
polar  dUtiuice  aad  deulination  of  the  body  X, 
-I  itB  hour-angle  at  rising  or  Betting.  Tliea 
b  the  quadrantal  trinngto  PZX 

Sin  (e^-Hl^  -tail  (90°-<:}  tan  (00"  -p) 
Cos  H  =  ;fe  Ian  ;  tan  il. 
[f  the  latitude  and  doclinatioii  have  like 
0  will  be  greator  than  6'' ,  if  unlike,  it  will 
The  figure  is  for  the  nose  where  tlie  nam 
be  the  time  of  the  meridian  passage  of  X,  e  thi 
tbe  time  of  setting.     Then 

(=T-II,andf  =  T  +  H. 
the  time  of  the  apparent  rising  and  Betting  differB  from  the  above  by 
eoaOD  of  tlie  horizon  parallax  and  refraction.     The  elevation  of  ths 
pectator  again  affects  the  ohienied  time  of  rising  and  setting. 

Rotation  (L.  rota,  "awheel"),  sJidRevolUtlolKL.  rnwli'jr«, 
to  roll  over  again"). — These  two  si railar  terms,  though  troquontly 
toed  indiscriminately,  have  a  slightly  difTorcnt  meaning  and  might 
rith  advantage  bo  rosldotod  in  their  application.  We  propose  to 
mfine  the  term  rolatioa  to  indicate  lundtt'j  ruimd  on  an  axu,  and 
be  term  rtvolalion  to  indicate  ptrjorming  n  periotlic  oMc. 

RUQ. — The  run  of  a  ikip  is  the  distance  soiled.  To  run  doaa 
eoatt  ia  to  sail  along  parallel  to  it.  To  run  down  a  pert  was  a  terra 
iMcribing  a  method  of  making  the  destination  in  common  use  before 
be  longitude  could  bo  detorminod  as  easily  and  accurately  as  at 
resent :  the  sliip  having  attained  tlio  latitude  required  ran  along 
le  parallBl,  eoat  or  west  aa  nocossary. 
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Bun,  Correction  for;   or.  Reduction  of  &n  AlUtudA 
to  another  Place  of  Observation.— !□  "donUe  aliitntlot,* 

t&kuii  ut  JilTercnt  times,  tbo  sliip  may  Iiave  moved  in  the  interrtl 
belwpon  tlio  two  obBervations.  lu  thla  case,  tlierefuri-,  before  luiBg 
thu  two  dltitudejs  in  combiuatiou,  it  is,  in  general,  nsoessiiry  la  tpfij 
to  tlw  first  altitude  the  "Correctiou  for  Iho  Bun  of  the  Ship,"  so  m 
to  reduce  il  to  what  it  would  have  iKvn  hiui  it  been  tHkeo  at  tlw 
place  of  the  aecoad  obaemitioii,  the  reaulti  of  tlie  problem  nndtr 
aolution  being  (ought  (or  the  later  date.  lu  eelo-imvi^tioin,  inaUad 
«( regarding  the  place  of  the  ship  on  the  auHnoe  of  the  sea,  we  oonudsr 
her  zenith,  a  point  of  the  celestial  ooucnve.  Let  X  lie  the  plaoot^ 
tlie  heavenly  body  at  the  first  observation,  Z  the  xenith  of  the  ship 
at  that  time,  and  Z'  her  zenith  at  the  time  of  the  second  ohaervstion. 
Then,  hod  the  ship's  zenith  been  Z'  at  the  time  of  the  find  obsrw- 
v&tion,  the  Kenith  diatwin!  of  X,  iiutond  of  being  SZ,  vuuld  bare 
been  XZ'.  With  oentie  X  nnd  radius  XZ'  describe  aji  arc  cutting XZ 
(fig.  l).orXZprodDced,(fig.  2)iur;  then  it  is  evident  that  Zriithe 
eorroction  required,  as  applied  to  the  zenith  distance,  subtiactira 
when  the  ship's  nm  has  been  towards  the  body,  odditivie  wfanitiia 
ship's  run  has  been  away  from  the  body ;  as  applied  to  thealutodet 
the  converse  being  the  cose.  Now,  since  the  triangle  ZZV  is  wiy 
KDlall,  it  luay,  for  practical  purposes,  be  considered  a  right-Bni;lei]  |iUm 
triasgle,  and 

Zr  =  ZZ'coBZ'Zr. 
When  the  run  of  the  ship  hat  been  towards  the  place  of  the  hod]' 
(fig.  1).  tlio  angle  Z'Zr  is  the  difference  betvreen  her  course  and  lb* 
tmo^bearing  of  the  body  at  the  first  observatioi, ;  when  the  run  of 
the  ship  hoi  been  away  from  the  pUce  of  the  body  (Sg.  2),  the  angls 
Z'Zr  !■  llio  Bupplemunl  ol  this  difference.     Tliis  correotioo  m«y  b> 


lienlly  found  by  tlio  ai<l  of  the  travorse  lable  by  entering  with  I 
Fig.  1.  Fig.  2. 


Um  distonoe  ruu  ZZ'  as  itistaune,  rvnii  the  angle  Z'Zr  aa  c< 
eorreBponding  difT.  Int.   being  the  correclian  required,   additive  or  1 
Bj'  1*.       If  we  define  the  angle  between  tha 
un   and  the  bearing  of  the  body  at  the  first 
angle  of  run,"  the 


■nbtracti 

direction  of  the  aliip's 
obwrrstioD  to  he  the 
Um  forma  la 

Correction  for  m 
For,  when  the  angle  of 
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diatanoe  run  x  coiine  angle  of  n 
IB  leH  than  00°,  ili  cosine  la  positive,  and 
the  correction  tlierofore  additive  to  tlie  allitade  ;  and  when  the  anglo  J 
ol  ron  is  gmkter  than  90*,  its  cosine  is  negative,  and  the  ci 
therefore  Huhti'nctive.     It  the  ship  does  oot  preaorve  the  s 
in  the  interval,  the  course  mode  good  must  be  employed  ;  and  M  it  !■ 
the  itiferenee  only   of  azimuth  that  entcra   into  i 
nuiatiOD  (supposed  the  aaioe  at  both  observations)  ia  not  considered  j 
bat,  if  the  ship'i  coume  changes,   the  local  deviation,   when  large^ 
should  bo  altcnded  to. 


S, 
Of  the  letters  used  to  register  the  at 
logbook,  B  indicates  "Smvi." 


e  of  the  weather 


40S                                       i*Tnj.itM. 

Sftg. — To  luuig  down  on  oue  aide,  to  droop.      To  tag  to  Iiit»ar4 
mcaoB  tliat  a.  ahip  ia  making  coneidenLbIc  l*owoy.  not  bearing  op  wdl 
to  wiudwurd  or  holding  u  gimd  wind. 

ninth    const^ILLlioa    ol    the    zixliad.   lying  between    Soorpio   tad 
SaffittariuB,  Sign  of. -The  nimh  division  of  the  odiptte, 

ot  thii  name,  the  coaBtellatioo  Scorpio  having  takoa  it«  place.     Tb* 
BUD  IB  in  Sagittarius  from  about  November  23rd  to  about  Daa«nb« 
22nd.     Symbol   r . 

respecting  various  scoa  aod  coaats  useful  for  the  purpoao  of  wvigatioii. 
The  chief  topics  are,  an  account  of  the  winds,  currents,  tides,  wjtb      , 

notices  of  dangers,  such  oa  rocks  and  ahools,  with  dtrcictioTis  bowM 
avoid  them  ;   descriptions  ot  anchorages  and  ports,  with  the  appMT- 
ftnoe  aud  bearings  of  landmarks  for  making  them  ;   th«  paitionlui 

placos,  et«.   Rxtrocts  from  different  voyages  and  travels  aro  inaertedi 
f  conveying  in  addition,  much  useful  information  reapecting  the  phrstod     1 
Mpect  of  the  shores,  climate,  and  natural  phenomena,  the  manner* 

which  revolve  about  some  of  the  plaueta,  atteading  upon  them  in  ^^^| 

fiCO&PIO,    COKETKIXATION   Ot.  407 

giiialiod  at  "  Prirnary  Ptancla"  und  "  Sfcondary  Plawti,"  Salollitea 
gonerally  are  sIbj  ottlle<i  '•  Uoons,"  thougli  this  is  t lie  prop.':*  name 
<■[  llie  autellitB  of  our  globe.  They  aro  holies  uf  the  Bnmo  nature  an 
the  planets  themeelveB,  ami  their  niutiona  are  ^verncil  by  tlio  ULmo 
general  laws.  The  earth  Iirs  oue  aatelUte  ;  Mara  two  ;  Jupiter  fmir  ; 
Saturn  eight ;  UranuB  from  four  to  fight :  and  Neptune  oertninly 
one.  and  proliably  two  or  more.  Of  thuse  the  moat  imfKirtaut  tu  ua 
are  the  Moon  anil  Jupiter's  salollitea. 

Saturn  (named  after  the  mythical  father  of  Jupiter,  etc. )— The 

planet  revolving  next  in  order  to  Jupiter,  being  about  9^  times  tba 

,   «ttrth'a  distance  from  the  sun ;  itn  actual  diameter  is  about  10  timee 

I   tlwt  of  the  earth.     Bcaidos  being  attended  by  eight  dittinct  eatoIIit«i 

I    it  hu  tlie  curious  appendage  uf  a.  series  of  broad,  flat,  rings  wliieh 

encircle  its  equatorial  regions,  an  i  oru   prolubly  compuanl   of   an 

iiuiumerabUi   nuniU>r  <>l  small   satellites:    the  inner  one  ii  nt   an 

interval  of  about  half  the  radius  of   the   planet.      The  apparent 

duiincl«r  of  Saturn,  at  its  moan  distani.'e  from  the  earth,  ia  about  18'; 

and  it  is  a   very   useful   InKly   iu   the   problems  of  uelo. navigation. 

Symbol  h- 

SOOrplO,  OODStellatlODOf  (<ik.  aKOpriJir;  L.  frjrjiio,  "The 
Scorpion"). — The  eighth  coiifltolbtioa  ot  the  aodiac,  lying  between  * 
Lilira  and  Sagittarius.  Wlien  Scorpio  rises  Or'iim  sets;  a  pheuommKia 
embodied  in  the  myth  that  Orion  periahed  by  the  Bting  of  a  scorpion 
Th«  principal  star,  a,  Seorfii  (calleil  also  •Inf'ire*),  may  be  found  by 
joining  Spica  with  the  SoM/i  Balanre  (a  Lilntt),  and  coiitinning  tha 
tine  to  about  the  same  distance,  a  Seiriiu,  mag.  1.1  ;  1S96,  R.A.  f 
lel-  23ni ,  Dec.— 20*  1*  ^>  .SVor,.;;,  inag.  2.9  :  ISilC,  H.A,  Ifih  S3m,, 
Dec— irsj'. 
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SEASONS. 


Scorpio,  Sign  of. — The  eighth  dlviaion  of  the  ecliptic,  including 
from  210''  to  240"*  of  longitude.  Owing  to  the  precession  of  the 
equinoxes,  the  constellation  Scorpio  no  longer  occupies  the  sign  of  this 
name,  the  constellation  Libra  having  taken  its  place.  The  san  is  in 
Scorpio  from  about  October  23rd  to  about  November  22nd.  Symbol  ii. 

Sea-Breeze. — A  breeze  setting  from  the  sea  towards  the  land. 

Sea-Horizon. — The  small  circle  which  bounds  the  portion  of 
the  surface  visible  to  a  spectator  in  the  open  sea. 

Sea,  Mean  Level  of.— The  place  midway  between  the  levels 
of  high  and  low  water. 

Seasons  (Fr.  saUon), — The  four  cardinal  divisions  of  the  year — 
Spring,  Summer,  Autumn,  Winter.  Their  succession  is  caused  by  the 
Hxis  of  the  earth's  rotation  (which  always  remains  parallel  to  itself) 
b(;ing  inclined  to  the  plane  of  her  orbit  round  the  sun.  The  elliptic 
form  of  the  earth's  orbit  (causing  her  to  vary  her  distance  from  the 
sun)  has  but  little  effect  in  producing  the  variation  of  temperature 
which  distinguishes  the  different  seasons,  the  temperature  of  any  part 
of  the  earth's  surface  depending  mainly  on  the  exposure  to  the  sun's 
rays.  In  our  hemisphere  the  effect  of  the  change  of  distance,  if 
appreciable,  would  be  to  diminish  the  effect  caused  by  the  inclination. 

Whenever  the  sun  is 
above  the  horizon  at 
any  place,  that  place 
is  receiving  heat,  and 
T'  when  below,  it  is  part- 
ing with  heat  by 
radiation,  the  equi* 
librium  of  heat 
throughout   the  year 


ng  pi'e«orved.   Now,  owing  to  the  inclination  oF  tliD  csj-th'soxistothB 
pUnK  of  her  orbit,  tlio  time  tlie  aun  remulTia  above  the  horizon  a1 

:d  place  varies.     To  illustrate  this  :  Lut  R  bo  the  ran,  ETE'T'  the  | 
euth  in  her  orbit  in  four  positions  90°  apart— viz.  those  which  al 

s  almlit  March  20th,  the  time  of  the  vernal  equinox  ;  about  JunsN 
Slat,  or  the  Bummer  solstice  ;  about  September  23rd,  or  the  Butiima>I  J 

inox  ;   and  about  December  22nd,  or  the  wiot«r  solstice  ;  PP'  is-l 
axis  of  the  cartli,  which  always  remains  parallel  to  itself,  ilirect«d  J 
to  the  soRio  vanishing  poiut  of  the  heaveos.     In  the  position  E,  attfa 
time  of  the  vernal  equuioi,  the  enn  appears  ir 

equinrtutial  and  the  ecliptic,   whose  plnnes  out  the  earth  in  the  circle*  J 
QQ'  iinJ   KK';   and   the  poles  of  the  earth  (alt  on  the  great  ci 
which  divides  the  onlightsDral  from  the  ilarkenod  hemisphere.     Henokil 
s  the  earth  rotaten  on  her  axis  every  point  of  lier  surface  describM>l 
alf  its  iliuroal  course  in  light  and  half  in  darkness— i.e.  the  day  u 
night  are  equol  all  over  the  globe.     The  some  holds  good  for  tl 
position  E'— viz.  at  the  autumnal  Equinox.     Again  at  the  position  T,  J 

the  snmmer  solstice,  the  north  polo,  n-itli  an  encircling  zone  jh  I 
breadth  equal   to   the  angular  distance   between  the  poles  of  thva 
equinocl.ini  and  ecliptic,   is  situate<l  entirely  within  the  onlightenect  J 
hemisphere,  and  as  the  earth  mtates  on  her  axis  the  whole  of  thial 
part  remains  constantly  enlightened.     Hence  at  this  point  of  her  orUtj 
it  is  constant  day  at  the  north  pole  and  the  arctic  zone  ;  on  the  uthcc 
hand,  the  auuth  pole,  with  the  antarctic  zone,  is  immersed  in  darknoM 
during  the  entire  diurnal  rotation — i.e.  it  is  conntAnt  night.     Again^B 
Id  the  remaining  regions   of  the   earth  it  is  evident  that  the  oeArai 
t,  place  is  to  the  north  pole  the  longer  it  will  remain  in  the  illuminate 
hemisphere  in  the  diurnal  rotjitton,  every  station  north  of  the  equato 
having  a  day  o(  more  and  s  night  of  less  than  12  boutv,  and  i>i 
for  places  south  of  the  equator.     All  thew  'f 
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revcrwd  wlien  the  earth  arrives  at  Iha  oppusito  poailiou  of  bei 
orbit  T',  nt  the  winter  soUliot'.  Now  let  \\a  remark  the  e)i&ng«i  ta 
tho  earth  posaea  from  one  of  thene  rrilienl  positions  Ui  the  next.  A> 
the  earth  moves  from  E  l«  T,  in  the  northern  hBaJsphem  the  Atyi 
grow  lunger  and  the  nights  shorter,  and  consequently  the  tempeiilim 
ot  every  part  of  that  hemisphere  inorenBoe,  and  spring  is  sucoeedcil  by 
eumnii^r  ;  in  the  souUlem  bouiapbere  the  reverse  of  this  takes  ptK«, 
and  the  trensitioD  is  from  autumn  to  winter.  Again,  us  the  nurih 
moves  from  T  to  B'  the  days  and  nights  approach  equality,  and 
consequently  the  excess  of  temperature  above  the  moan  in  tlie  norliieni 
suH  the  defect  below  the  mean  in  the  southern  hemisphere  is  leduunl: 
«nd  in  the  fomisr  summer  subsidea  into  autumn,  in  the  Utt«r  wintnT 
is  reptnced  by  spring.  As  the  earth  passes  from  E'  to  T',  and  agaia 
from  1"  to  E,  the  same  pbenom^na  wUl  be  rejieatcd,  but  reverstd ; 
the  transition  being  in  the  northern  bemispliere  from  Autunm  to 
winter,  and  from  winter  to  spring,  while  in  the  soutbem  it  U  troa 
spring  to  summer,  and  from  summer  to  autumn. 

Second  DUParencOB. — The  diirerences  (oorreaponilingtoeqtis] 
intorvalflof  time)  in  the  suocesaive  Toluesof  a  varying  qnantit}-.  if  the 
quantity  <loeB  not  vary  uniformly,  exhilat  differences  among  thenieelTti^ 
— these  ore  called  Seamd  D^artu<^*.  Tbos,  in  a  series  of  olliUldct 
observed  at  eitual  intervals  of  time  (siuee  the  altitude  does  not  vu;  St 
the  «ame  rate  at  the  beginning,  middle,  and  end  of  the  interval),  tin 
difTercncos  between  tihem,  taken  in  succession,  will  generally  exhibit 
second  difleronoes.  80  again  with  the  elements  tabulated  tn  the 
•'  Nautical  Almanao."  If  theae  quanlitiea  varied  uuifonuly  in  Um 
interval  between  the  dates  for  which  their  values  are  giiven,  as 
intermediate  value  could  be  correctly  interpolated  by  a  sim[il« 
JjTOportion.      The  mot\voA  lA  "  i^wiyirtionai  partj^ "'  would  pw»  th* 


^"^  ^ 

■dual  dianga  in  the  interval  between  tlie  lUto  of  one  of  the  tabulated 

Tarying  itaclf  varies   during  the  int«rval,   and  bence,  when  greofc 
accuracy  is  required,  the  necessity  tor  a  eorreutiiid  to  the  ehang* 
found  by  proportional  parta,  wbiuh  correction  ia  called  the  "  Hi/uaiiolt 

ia  oimply  the  finding  the  rate  at  which  the  rate  of  varying  varie« 
This  may  be  done  by  taking  two  vaJues  ot  the  qnaotitj  from  thi 
table  on  each  aide  the  required  one,  and  setting  them  down  in  order  l 
then  add  together  the  IbI  and  4th  and  the  and  and  3rd,  observing 
which     Bum     is     the    greater;    half    the    difference    of   the    two 
soma   is  the   socuad  difforance.     The  eciuatiooof  aecond  differoncas 

between  two  times  given  in  the  table.  The  greatest  error  that  oaa 
BTue  in  any  case  from  neglecting  it  ia  one-eighth  of  the  whole  second 
difference. 

Seccmdary  Olrolea.— Great  drcloa  of  the  aphero  pBfl^ 
through  the  poles  of  another  great  circle,  which  is  callod  theis 
Primaiy. 

Secondary  Meridians.— Meridians  of  the  earth  which  uo 

<rf  Or«eDWioh,    Paris,   etc,   by  ontronomical  or  absoluta   evidence^ 

tal  and  iudcpeodent  starting-points  in  making  passages. 

by  two  straight  linoa  drawn  from  the  centre,  and  the  circumfereuiM 

412  SECTOR. 

between  them  (Euc  iii.  def .  10).    Sectors  ot  different  circles  are  said  to 
be  similar  when  the  sides  or  bounding  radii  include  equal  angles. 

Sector. — A  mathematical  instrument,  generally  found  in  an 
ordinary  portable  case,  with  the  use  of  which  the  navigator  should  be 
familiar.  It  is  a  universal  scale  by  the  aid  of  which  every  problem  in 
geometrical  drawing  may  be  solved ;  hence  it  is  of  great  use  in  laying 
down  plans  and  in  making  diagrams.  From  its  application  in 
graphically  working  questions  in  proportion,  the  French  call  it 
the  CompoM  of  Proportion,  It  consists  of  two  equal  rulers  called  legs, 
which  represent  the  two  radii,  movable  about  the  centra  of  the 
connecting  joint,  this  centre  representing  the  centre  of  the  circle. 
By  opening  the  legs  any  sized  sector  can  be  obtained.  A  ftiU 
description  of  this  instrument  will  be  found  in  Heather's  book  on 
"  Mathematical  Instruments,"  vol.  i.  p.  42  (Wealo's  Series). 

Sector. — An  astronomical  instrument  for  measuring  the  ang^ltf 
distance  between  two  points. 

The  word  is  specially  applied  to  the  Zenith  Sector,  a  fixed  shore 
instrument  constructed  for  the  purpose  of  determining  with  great 
accuracy  the  meridian  zenith  distances  of  stars  passing  within  a  few 
degrees  of  the  zenith. 

At  sea  a  portable  hand  sector  is  used  for  taking  the  altitudes  of 
heavenly  bodies  above  the  sea  horizon,  for  finding  the  distance  of 
heavenly  bodies  from  the  moon,  and  for  determining  the  bearings 
and  distances  of  terrestrial  objects.  Such  an  instrument  is  known  aa 
a  quoilrant  or  sextant^ 

It  would  be  a  great  advantage,  as  conducing  to  consistency  of 
usage  and  to  clear  ideas  on  their  construction,  if  the  word  "  sector  ^ 
were  adopted  as  a  g<&uei\Q\;exm\x^NsiOixA^^^9:i^^ 
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!n  radii  ot  a  circle  and  the  iiitercfpted  art^  Tliese  iuHtnimentB  4 
f  two  kinds;— (I.)  Wlioa  the  lenf^Ui  of  the  graduated  aroJ 
tlie  angular  distance  between  tlie  two  objeota  ;  (II.)  Whea,l 
the  loiiglh  of  the  arc  required  corrseponda  to  only  Imlf  tUeangtaJ 
belwoen  the  two  objoi'ts.  The  inatrumenta  at  present  used  are  of  tha  I 
latter  kind,  those  of  tlie  former  beiD^-  practically  obsolete.  There  i»M 
no  confuaiiin  iu  aasigiitng  names  to  Uie  different  forma  of  the  fi 
filaea,  but  great  laxity  jirevaiU  in  spuaking  of  those  of  the  second  class.  ,1 

(I.)  1.  There  was  the  old  Comtn/m  QuadrartC,  vhich  vaa  mcrtly  m 
»  graduated  igtiarter  of  a  oirole,  having  a  movable  radtUB  whereon  1 
vere  two  sights  for  diroctiug  it  to  the  object ;  there  were  two  othei^l 
aights  on  the  fixed  initial  radius,  to  bo  dtrooted  to  the  horizon. 

2.  "i'hBrewoBii.iiotiie Back-flaf  celled  Li<im»'aQiiadraHt,ii.aiiknoink^ 
toFreachuavigatoraaa   tirn  JCnj/lith  QiwdranC.   This  oonaiatcd  of  ti 
«r««,  the  greater  containing  60°  or  65°  between  short  radii,  and  theleWil 
containing  30°  or  25°  between  longer  radii ;  the  two  together 
the  W  of  the  quadrant,  hence  the  currectnes*  of  retaining  the  old  I 

(II.)  Wh::n  tile  principle  of  the  lir/trcliiig  Urclrjr  was  invented  by  I 
Kewton  and  aubneqiiently  by  Hailley,  the  old  name  quadrant  1 
continued  to  be  applied  by  leamvu  to  the  instrument,  whatevo 
the  length  of  arc  with  which  it  was  conatruotcd.  The  term  Hadleift  fl 
QtuutroHf  commonly  included  both  the  t'c'cif  and  Sexlajil ;  Ihou^  V 
tbese  words  are  atrictly  applied  by  llie 
J.    Robertson. 


1.  The  Ocrn'tr  hoaaua 
ossurea  un  auglo  of  90'. 
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2.  The  Sextant  has  an  arc  of  a  sixth  of  the  circumference,  and  it 
measures  an  angle  of  120** 

At  the  present  time  what  is  called  the  QuadrarU  is  simply  a 
rougher  kind  of  reflecting  sector ;  the  limb  being  about  45*,  and  the 
instrument  able  to  measure  angles  up  to  90^,  the  limit  of  altitudes. 
From  this  latter  circumstance,  it  is  supposed,  though  erroneously,  to 
have  derived  its  name ;  but  in  fact,  it  has  inherited  this  from  its 
predecessors.  The  word  is  now  colloquially  used  for  any  common 
instrument  of  the  kind  of  wooden  framework,  whatever  be  the  length 
of  its  arc,  in  consequence  of  its  similarity  in  appearance  to  the  old- 
fashioned  quadrant. 

The  term  Sextant  is  applied  to  a  more  elaborately  constructed 
instrument  of  exactly  the  same  kind,  but  of  greater  extent  of  arc,  and 
adapted  to  measure  accurately  lunar  and  other  angular  distances. 
The  form  which  first  came  into  general  use  had  the  arc  one-sixth  part 
of  the  circumference,  and  this  gave  the  name  to  subsequent  modifi- 
cations ;  in  the  most  modem  the  arc  is  graduated  up  to  140  principal 
divisions,  each  being  equal  to  half  a  degree. 

Semi. — The  Latin  prefix  indicating  the  half.  Thus  we  have 
«^micirclo,  Mmuliameter,  semtmenstrual,  ««m»horal,  etc  The  corres- 
ponding Greek  prefix  is  i^/u-,  which  we  find  in  kemisphere,  A^micyde^ 
etc. 

Semidiameter. — The  semidiameter  of  a  heavenly  body  is  half 
the  angle  subtended  by  the  diameter  of  the  visible  disc  at  the  eye  of 
the  observer.  For  the  same  body  the  semidiameter  varies  with  tiie 
distance ;  tims  the  difference  in  the  semidiameter  of  the  sun  at 
different  times  of  the  year  is  due  to  the  change  of  the  earth's  distance 
from  the  sun,  and  eiixu\axV^  \a  \<ti^  TSio^ti  and  planets.     In  the  ease  ot 


tlie  mooD  llio  ratliuB  of  tlieeartli  boars  no  approciahle  aod  conBiderabla 
ratio  to  the  body's  distanco  from  tho  eiu-th's  centre  ;  henco  the  a 
is  appreoi&bly  aeftret  lo  an  observer  on  the  surface  when  bHb  is  i 
near  bu  Muith  than  when  in  or  near  his  horizon.  The  value  of  tha  ] 
Moon's  aomi -diameter  tabnlate'l  in  the  "Nautiual  Almanac"  ia 
Ihu  horizon  aud  the  increase  in  its  value,  due  to  her  increosi 
altitude,  is  csollcd  the  aagmenCation.  In  taking  bltituilea  i 
diatunoea  at  heavenly  bodies,  the  /imAfi  of  bodies  liaiVing  a  visible  diaa  I 
are  tlie  Bubjoct  of  obsen'ution ;  therefore  to  reduoe  observed  I 
altitudes  nod  distances  I^  the  apparent  altituctoa  and  distances  of  tho  I 
centres,  the  correction  for  aomidiameter  must  be  s.pplled.  This  is  I 
the  reason  why  the  somidiameter  and  not  the  diameter  is  given  in 
tables. 

SemimenBtmal  Inequality  (L.  i«ini"half  ";  mewrfncifi*,  J 
"  monthl}',"  from  nu^nnt,  "a  month"). — An  inequality  (of  the  tide),  I 
which  goes  through  its  changes  every  half  month. 

SeiUlible  Horizon  (L.  sentJbUu,  "  Umt  may  be  peroeivej  I 
through  onu  of  thu  sonasa  ").— The  piano  touching  the  CBTth  at  tha  I 
BtatioD  of  tho  observer. — See  HorlZOQ. 

Serpens  (L.  "The  Sorpaot"  of  Ophinchua).— A   conatetlatioa  J 
lying  to  the  oast  of  the  line  joining  .\rcturua  and  dntares.  a  Strptntt*, 
Mag.  2.7,  1836,  R.A.  15h  30m ,  Dec  +  6°  45'. 

Set  of  a  Ourrent.— The  direction  of  a  current,  named  attot  ] 
tlie  point  towiinU  which  it  is  running.— See  under  OurreDt, 

Setting.— A  hmvsnly  body  ia  said  to  be  on  the  point  of  setting  1 
wboii  M.a  iMinlri!  is  iu  the  western  part  of  the  celestial  horiion 

Slslng. 


o  object  ia  taking  &  tmnng 
well  the  bearing  of  a  vmwI 


Setting  an  Object.— "SeiUng' 

cif  it,  TliiiB :    to  tft  Hit  rhatr  ia  tooVisur 
choHpcI. 

Sextant  (L.  wjilaia,  "  the  sixth  part "]. — A  portable  teflecliog 
lUtmnonLioal  imtlrumeDt  for  measuring  angles,  rloriving  its  luunn  (like 
the  reflecting  circle)  from  the  exteut  of  the  limh,  which  Bhoalil  U 
"  one-sixth  "  of  the  circle.— See  Sector. 

With  the  aid  of  the  adjoining  Qgure  we  ahoU  point  out  tLu  dlflereol 
porta  of  the  inatmment  nader  the  names  bj  which  tbcjr  tit 
dirtinguished.  LL'  is  the  liinh  or  arc  graduated  from  left  to  light 
from  the  7.cro  point  0°  through  120';  this  is  the  are  ^'opn--,-  thelimh 
ia  also  graduated  through  a  small  apoeo,  call  the  arc  ofnatt,  in  lb* 
opposite  direction,  ou  the  other  aide  of  the  tero  point,  According  Id 
the  siEO  of  the  inatrumcut  the  divisions  are  cut  (on  inlaid  pUte«o( 
platinum)  at  every  10'  or  20'  i  and  these  are  subdivided  Iiy  the 
wrnitr  (V)  to  10"  or  20".  The  vernier  is  oarriod  bj-  the  indrjbar  IV, 
«  movable  radios,  which  also  curies  one  of  the  mirrors ;  T  is  Uis 
tavfitiit-iemo  for  giving  a  luinnte  motion  to  the  index-bar  after  it  hu 
been  clamped  b;  the  rlmniiiiuj-jurew  (C)  at  the  back  of  the  liiub.  M 
is  a  mirroteiipe  attachcU  to  the  index-bar  b;  an  arm  movable  runoJ 
the  centre,  so  oa  to  sweep  the  vernier  through  its  eutirp  length. 
There  are  two  mirrors,  the  index-gloss  and  the  horizoii-glitBS. 
index-gtana,  stand  upon  and  moves  with  the  indox-bor  ;  it  : 
perpendicularly  to  the  piano  of  the  inatrument,  in  such  a  poaj 
to  be  bisected  by  the  axis  of  revolutian  produced ;  H,  the  AoriM 
is  permanently  fixed  on  the  extreme  radios  facing  tlie  indei-gka^ 
with  which  it  should  be  parallel  when  the  index  stands  al  O",  the 
instrument  being  in  adjustment  j  the  lower  half  only  of  llie  hona» 
glass  is  silvered,  the  other  half  alluwing  objucti! 
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In  front  of  tha  reflecting  iodex-gUsB,  ui<l  before  the  open  part  of  the 
Ikorizon-glasa,  work  iets  of  ihade* ;  S  the  index-shada  and  S'  the 
lutrkon-lhada :  the  ahades  of  each  net  may  be  used  siagljr  or  in 
combiiMtioD,   to  moderate  the   brightneu  of  an   image.      K  U  » 


tdaeope  {«.  sextant-cose  contains  seveisl)  carried  bj  the  collar  D, 
which  is  a  double  ring,  bo  constructed  as  to  fomtiih  the  means  of 
adjnsting  the  lint  of  collinuUitm  of  the  telescope.  This  line  of 
arilimatioD,  cc,  passes  through  the  centre  of  the  horiion-glass, 
meeting  its  torface  at  the  same  angle  as  the  line  drawn  from  the  same 
point  to  the  centre  of  the  indei-glass.  Hence  a  nj  of  light  niQected 
bom  the  centre  of  the  index-glass  to  that  of  the  horiKm-glass  is  again 
i  along  the  line  of  collimation  of  the  telescope.  The  collar  is 
a  stem  U,  called  the  tip-a^-domt-pUee,  bjr  which  the 
CC 
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telescope  may  be  raised  or  lowered  till  objects,  seen  directly  and  hj 
reflection,  appear  of  the  same  brightness.  The  two  reflectors  ait 
famished  with  adjusting'ScretM,  A  is  the  handle  by  which  the 
instrument  is  held.  In  the  American  prismatic  sextant  the  index-glaai 
is  replaced  by  a  rectangular  prism  ;  and  there  is  no  unsilTered  portion 
of  the  horizon-glass,  so  that  the  direct  ray  passes  through  no  medion. 

The  principle  of  the  sextant  is  this: — "The  angle  between Um 
first  and  last  directions  of  a  ray  which  has  suffered  two  reflections  ii 
one  plane  is  equal  to  twice  the  inclination  of  the  reflecting  surfaces  to 
each  other."  **[See  Reflection.]  Thus  let  XIHE  be  a  ray  of 
light  proceeding  from  the  luminous  body  X.  reflected  first  from  ths 
mirror  I  in  the  direction  1 H,  and  then  again  at  the  mirror  H  in  the 
direction  HE  ;  thus  X  will  be  seen,  by  an  eye  at  E,  in  the  direction 
EH.  Again,  another  body,  Y,  lying  on  this  same  line  of  directioo, 
will  be  viewed  coincidontly  with  the  reflected  image  of  X  by  the  eys 
at  £  through  the  open  part  of  the  glass  H.  Thus,  when  their  images 
are  brought  together,  the  angular  distance  between  X  and  T  is  doable 
the  inclination  of  the  mirrors  I  and  H.  This  inclination  is  measured 
upon  the  limb  of  the  instrument,  and  the  graduations  of  the  limb  are 
purposely  made  only  half  the  distance  that  corresponds  to  degrees ; 
and  thus,  when  they  are  regarded  as  degrees,  the  reading-off  will  at 
once  give  the  angular  distance  of  X  and  Y  instead  of  half  that  angle. 

The  sextant  is  principally  used  at  sea  for  measuring  the  altitudes 
of  heavenly  bodies,  and  the  distances  of  certain  of  the  heavenly  bodies 
from  the  moon.  Held  in  the  hand  and  requiring  no  fixed  support,  it  is 
specially  adapted  for  use  on  board  ship.  For  altitudes  at  sea,  as  ne 
level,  plumb-line,  or  artificial  horizon  can  be  used,  the  image  of  the 
body  observed  i%  bro^^^  vqXa  c^\xv<&vi^\vQA  with  the  sea  ofliog.     Tha 
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(if  celu-iiavigntjuti,  aud  for  it  tba  iw 
iadelitvtl  to  Sir  Isaac  Nt-wton,  wliu  firat  proposed  the  conatri 
liie  bcEinniiig  of  the  bat  century.  It  is  ccmTnonly  mlleil  after  Jiihnfl 
Hftilley,  who  piihlisherl  the  inventinn  (made  iiiilHpendeiltly  ^M 
limwlf,  prnbitlily)  a  few  years  sul>>ei[ueiitly.  About  the  iut 
kIso  independently,  a  limilitr  inMniment  wns  mode  by  an  A 
gliakr,  named  Thomna  Gtxlfrey.  As  there  U  frequently  a  confuEiog 
of  wvvrol  different  things  andcr  the  general  beail  of  "  Ad juetments  I 
uf  the  Sextant,"  we  muBt  enter  fully  into  its  Impfrficli-mt,  JdjattniiiiU,  I 
and  ErrOTt. 

Sextant:    (1.)    Imperfections;    (11.)    Adjustments;! 
<II1,)  Brpops. 

(I.)   Imperfections,  or  ts«entia1  defects  which  should  lead  ti 
the  rejc.-tion  of  the  instrument.     The  followiDg  are  the  chief  points  t*  ■] 
bet««t«d:— 

?.   AH  the  joinlt  at  the  fmiueworit  should  br  perfect,  cl 
tight,  and  all  tlic  areirt  sEinuIil  act  well,  remaining  steady  when  the  I 
flhaken. 


2.  The  eraleriag  shoulil  he  jwrfuL't.  Imperfeet  mnteriug  may  ba  I 
detoctMl  by  comparing  the  distance  of  two  stars  olwervnl  with  Iha  I 
Mixtonl  uuder  trial  witli  the  saino  diataote  o1»erved  with  a  standard  | 
MKtaat  or  circle,  or  deduced  from  computnliou. 

3.  The  ijrailttallon  ou  tlio  Ii7»i  and  wrniV  should  lie  perfect.  It  J 
Riuat  he  noticed  that  r.liu  iulaid  pLitcs  upon  which  the  divisions  k 
marked  are  <]uitc  lavxl  with  tlie  surface  nf  the  instrument  i  then  HmM 
finene*!  and  'listinctness  of  the  cutting  must  he  examined  with  tb«  I 
Biicroscope,  and  tlicir  equality  of  distance  throughout  tested  bf  I 
Wnging  the  indfx  uf  the  vernier  into '■tw;t,wi^t^c\4CTiwi««tc 


V  ith  ca«]i  division  of  tho  limb,  till  llie  lust  divUioD  apou  the  Tenufr 
ruBChea  the  but  ilivUiun  upon  tlie  linili ;  LT  the  loat  diviaioD  of  Uia 
vmilcr  ilueH  not  in  eavh  com  exoottj'  coitiDide  u-ith  k  diruion  opoa  the 
limb,  tlic  inBtnimeiit  i>  badly  groduittod. 

4.   All  thu  [fduuM  used  Hbould  lie  perfoct.      Tho  glksaea  of  the  r^fitC' 
fornihuiild  be  free  from  veiiw,  and  ahouldeKcb  baveita  two  facta  gnmnil 
Dtxtl  poUahed  parallel  tu  one  another.     Tu  lost  whether  this  is 
look  with  a  anuill  teleaoop«  into  each  reflector  lepij^tel}'.  is  a  xnj 
nbliqiii;  diroction,  nnd  observe  the  image  of  some  digtant  object ;  tlu> 
inuigK  should  appear  clear  and  diitiuct  (not  Dotted  aad  stnakj |  ■> 
uvviy  port  of  tho  rafloctor,  ajid  the  image  aiiij;le  and  well  defiuud  (Dot 
miaty)  about  Ibe  cd^B.     Thu  glaas  of  the  lAodetahould  it 
bo  of  the  beat  tjunJity,  and  each  abode  have  ita  two  facua  groundmJ 
poliahcd  paralli:!  to  one  another.      Each  ant  iif  shadea  should  a 
work  with  all  the  faoea  imiallel.     To  sjntmi'nr  Ihe  ptrjettioi 
Khadni. — Having  fitted  the  ibrk  gUaa  to  the  eye  end  of  tlie  tt 
witliout  the  iutarveiitioii  of  any  of  the  index  or  horizon  al 
a  contact  of  the  i-eQuut^jd  oiid  direct  imagei  of  tlie  aun.     Theu  n 
the  telescope  abode,  and,  letting  up  firat  mch  Sued  sliape  sei«mta^fl 
and  Iben  their  various  com  hi  nation*,  observe  whether  tho  itnogH  I 
iwniain  in  contact  in  each  case.     Should  a  divergence  be  observed  A 
any  coal',  if  it  occurs  trjion  a  aingle  ebitdu  ia  used,  such  shade  ■! 
be  rejected  ;   if  it  oaciirs  wh<-n  a  combination  is  used,  the  « 
the  ahodciS  fbould  he  altered.     This  aoaroe  of  error  may,  how 
alloweil  to  rumain,  and  acknowledged  under  the  head  of  Shaile  M 
and  correi'liouH  nppUeil  for  it  to  every  olwervstion. 

(II,)  AdJUBtments  where  a  contrivance  u  attache 
inatruiienl  Ly  which  ii  moy  bo  put  into  order.  We  oAwH 
kdjustmenta  should  be  mode  by  an  ii 


'e   entirely  ilieagree   aitli   this : 
&i]juat  hU  owa  aextant,  uid  e\ 


the  grraU-Bt  cure."  etc.  ' 
iniilihipinan  should  lenm  t 
re-si  Ivor  his  glosMi. 

).  The  "  inilrx-glan,"  or  movable  reflector  at  the  centre  of  thna 
iiutrumpiit,  tlitiuld  b*  perprnilUular  to  the  plane  tif  Ike  are.  CrHrriou.M 
—  Having  brought  tLe  vernier  to  alwut  00°,  ftod  holding  the  »extABb,B 
in  the  left  band  with  the  face  upwards,  look  obliquely  into  I 
iDdex-gliuui.  thus  viewing  the  limb  by  direct  vininn  to  the  right,  ai 
by  reflection  to  the  left.  The  imAge  and  the  arc  itself  ahould  sppeatfl 
in  the  aiuiie  plane  ee  a  single  unbroken  are  ;  if  the  reflection  soen 
<ln)0|)  from  the  urn  itself,  the  index-pliuis  leans  bnckword ;  if  it  w 
to  rise,  the  indei-glaaa  leans  forward.  JlfeiMM  of  ailiu«inwM.—^myiK  ^ 
attoolied  to  the  reflector. 

2.  Thr  " /lOfiMin-jIiiM,"  or  fixed  reflector,  fAoiiW  6«7wr/i«ni(icBlor  J 
tn  tht  plane  o/lhtare.  Crilfriori. — The  first  sdjustmenl  is  suppoMd 
to  be  made.  Holding  the  instrument  horizontally,  look  through  the 
telescope  and  the  horizon-ghias  At  a  well-defined  distant  object.  Tbft  J 
inoBt  convenient  objects  for  the  purpoH' are  the  aes-hori^iun  and  th»l 
«un.  (a)  When  the  aea-horiion  is  used,  set  the  index  at  w 
^ve  the  instrument  a  slight  nodding  motion.  The  reflected 
■hoald  appear  neither  above  nor  below  the  real  object.  For  thltn 
method  of  testing  there  must  be  do  index-error,  whicli  c 
tuuiecossary  when  <b)  the  sun  is  used.  With  the  left  haoid  bring  thol 
index  nearly  to  tho  zero  point,  and  move  it  "  houdeomely  "  backward! 
and  forward,  Tho  image  of  the  inn  mint  yam  directly  ovc 
object  iteeif :  if  the  image  be  the  lower,  the  horizou-glass 
forward  i  if  it  be  the  higher,  the  glass  leans  backwortL  J/ci 
^(^u  arm  nit.— Screws  attached  to  the  reflcotor. 
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3.    The  **line  of  collimation"  o/tff  teUscope^i.e.  thepatliofa 
visual  ray  passing  through  the  centre  of  the  "  object-glass  "  and  the 
middle  point  between  the  crosa  wires -should  be  parallel  to  Uttphne 
oj  the  arc.     Criterion, —Let  the  telescope  be  firmly  screwed  into  its- 
place,  and  the  wires  in  tlie  diaphragm  be  set  parallel  to  tlie  plane  of 
the  sextant  by  turnmg  round  the  "  eye-tube."    Then  (a)  fixing  upon 
two  distant  bright  objects  from  100*  to  120''  apart,  bring  the  reflected 
image  of  the  one  to  an  exact  contact  with  the  image  of  the  other 
object.     The  angular  distance  between  the  two  objects  is  only  truly 
measured  when  this  contact  is  at  the  centre  point  between  the  wires, 
which  may  be  tested  by  noting  that  the  same  degree  of  divergence 
takes  place  at  the  middle  points  of  the  upper  and  lower  wires.     The 
sun  and  moon,  when  at  a  considerable  distance  from  each  other,  are 
the  iHJst  objects,  and  (6)  the  best  practical  method  of  verifying  this 
adjustment  is  as  follows : — Bring  the  darkened  image  of  the  sun  to 
touch  the  moon,  \'iewed  directly,  at  the  middle  point  of  the  lower 
wire,  and  then,  by  moving  the  instrument,  instantly  bring  the  point 
of  contact  to  the  middle  point  of  the  upper  uire :  there  must  be  an 
exact  contact  here  also,  the  image  having  overlapped  in  the  centre  of 
the  field.      If  the  images  appear  separated  at  the  upper  wire,  the 
object  end  of  the  telescope  droops :   if  they  overlap,  it  rises.     This 
disarrangement  always  causes  the  observed  angle   to  be  too  great. 
Means  of  adjustment, — The  double  collar  in  which  the  telescope  is 
fixed  is  furnished  with  opposing  screws,  one  of  which  is  loosened 
while  the  other  is  tightened. 

4.  For  distant  objects^  when  the  horizon-glass  and  index-glass  art 
parallel^  the  zero  of  the  vernier  sliould  coincide  with  the  zero  oJ  t/ie  ttre. 
Criterion. — The  foregoing  adjustments  being  in  order,  set  the  zero  of 
the  vernier  to  the  zero  of  the  arc,  and  look  at  a  distant  object,  as  the 


aea-hurizoii  or  a  beaveiily  Ixidy  ;  thcD  the  reHeotcd  anil  direct  imogea 
■houtii  appear  to  coitivide  with  each  other.  Meant  oj  atljuttmest. — 
ScrewH  attached  t«  the  horizon -glass.  If  this  odjiiBtment  is  not  nmde, 
there  will  he  an  error  in  the  place  of  the  bogioniiig  of  tho  graduation, 
but  this  error  will  affect  all  angles  observed  alike.  Again,  it  is  only 
for  very  distant  objects  that  the  direct  and  reSected  inmgoe  coincide 
-when  the  mirrors  are  parallel :  Eor  a  near  object  the  distance  hettveea 
Uie  mirrors  (mbtends  a  sensililo  angle,  or  haa  a  sensible  parallax,  and 
therefore,  for  every  particular  distance  under  about  half  a  mile,  s 
fresh  adjustment  would  have  to  be  made ;  hut  it  is  very  objectionable 
freqnentty  to  work  adjusting- screws.  Once  more,  tlie  Biponaion  and 
oontraction  of  the  bar  causes  fluctuations  in  the  position  of  the  index. 
For  these  reasons  it  is  customary  to  admit  the  existence  of  this 
source  of  error,  determine  its  amount,  and  apply  a  correction  for  it, 
which  is  called  the  Iiuif^-Corrrrtioa. —Sue  IIL  2. 

III.)  Brrors  acknowledged  and  dcterrnined,  and  their  effects 
allowed  for  or  eliminatwl. 

J.  Shadt-Hrror  (sec  I-  4).— If  imperfect  Bhades  cannot  he  replaced 
Iqr  perfect  ones,  or  had  setting  rectified,  the  error  must  be  acknow- 
ledged And  a  correction  applied.  In  eiumimng  the  shades  (ii«  pointed 
oal  kbovo).  if  the  rellect«<l  and  direct  images  of  the  sun  do  not  in  any 
oae  i<emain  in  ■■'ontact.  the  angle  through  which  the  index  must  be 
moved  to  nwtore  the  contact  is  ths  error  of  the  shade,  or  combination 
of  aluuUs  aseil,  which  vnor  should  be  recorded  for  each  sliade,  and 
e*cli  combination  of  shades.  Let  t  be  this  angle  in  any  one  cose, 
reokoiied  positive  when  ranging  in  the  same  direction  as  the  gradtu> 
tton  of  the  limb,  negative  when  in  the  opposite  direction  ;  then  i, 
with  the  eontrory  sign.  i»  the  tihailt-Coitcrliim  to  be  applied  li 


%  Indei-Brrer  (see  II.  4). — The  two  objects  geocraU;  and  to 
determine  the  indox-error  are  (a)  tlie  sea-horiion,  and  (&]  the  rab 
(a]  Bj/  the  ira-horimn. — Holding  the  instnimeat  perpendicoW  to  tim 
hDrizon,  bring  tfae  direct  and  reSected  images  of  the  ofling  iuta  MXA 
continuation  with  each  other,  Thereading-off*  is  the  iiidei-errwi 
reckoned  pontive  if  it  ranges  in  the  Bame  direction  as  the  grBdiutioa 
of  the  arc,  ne^tive  if  in  the  opposiU  lUrectinn  ;  and  r.  viUi  the 
contrary  Bign,  is  tlie  Indne-CoTTtftinH  to  be  applied  to  an  oliservatioa. 
(h)  By  mtaauTiHg  tht  luii'i  iliamtlrr. — Fitting  the  tt^lescope  wad 
arranging  the  ehadea  so  that  ihe  reflected  and  direct  imae™  <^  *^ 
san  may  be  viewed  clearly,  and  seem  of  the  same  brightne^,  bnldtlia 
inatrument  horizontally.  The  AorimHeal  diameter  ia  chosen,  becaon 
the  vertical  one  may  be  distorted  h2r  refraction.  Now,  if  the  indei  \io 
placed  at  0°,  wheu  there  is  no  index.error  the  centres  of  the  reflectol 
and  direct  imagea  of  the  sun  will  be  ooiucident :  when  there  ii  nn 
index-error  the  centres  will  not  coincide.  In  :he  latter  caM,  if  m 
could  make  an  einet  superposition  of  one  image  upon  tie  other,  tho 
reading-ofT  would  give  us  the  divergence  of  the  centres,  or  the  index- 
error  of  the  instrument.  Bnt  lliie  cannot  correctly  lie  done,  and 
therefore  the  fallowing  method  is  adopted  :  Let  the  left  limb  of  tte 
reflected  image  of  the  sun  be  brought  into  exact  contact  with  Iha 
right  limb  of  the  direct  image,  then  read  olf ;  again,  bring  tile  nfjiA 
limb  of  the  refluitod  image  into  exact  contact  with  tho  left  limb  of 
direct  image,  then  I'Uad  olT  once  more.  If  (aa  is  generally  the  case) 
one  of  these  roadings  is  on  the  are  proper,  and  the  other  on  the  •« 
of  excess,  lialf  their  difference  is  the  index-error,  and  tbe  c"rr«- 
ponciing  index  ■correction  is  subtractive  or  additive  aovording  as  ths 
reading  on  the  arc  proper  is  greater  or  less  than  that  on  the  arc  if 
9ZCess,  Should  tbe  re«Avnt|,s  be  both  on  or  bath  off  the  are,  half 
tbeiraum  will  bo  t,boi\Aei-*»ctwASsm,K&ra»B;\'iia^Wii>«,  addjliw 
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when  ujT.  llie  aic  pitiper.     Several  sights  sliould  lie  take: 
and  the  same  number  of  the  arc,  and  a.  mean  of  tha  readingB  nseil  {  J 
aUo  tliB  limbs  ahould  be  placed  {l>y  hand,  lieforu  the  tongcnt-Bcrew  U 
tued)  alternately  a  little  open  and  a  little  overlapping,  so  that  in  I 
loaking  the  contact  the  tangent-screw  may  be  tamed  different  ways,    j 
3.  Farallax- Error,— la  the  geometrical  theoremn  dealing  with  Ibe  I 
uonitruotioD  of  the  eeitant,  it  is  OHBiimed  in  measuring  the   anglal 
between  two  objects  that  the  rcQectcd  object  is  sufHcicntly  diaUnt  > 
for  the  line  drawn  from  it  to  the  centre  of  the  index-glasB  lo  coincida  I 
practically  with  that  joining  it  and  the  oye  of  the  observer.     Id  othecl 
wgrde,  if  with  the  object  as  centre  and  its  distance  from  the  contra  ■ 
«f  the  index-glasB  as  radius  the  nro  o(  a  circle  bo  described  ti 
line  joining  the  object  and  ohservere'ii  eye,  this  arc  U  supposed  to  I 
subtend  at  the  object  an  angle  too  small  to  be  appreciable.     When  1 
however  the  distance  of  the  reflected  object  in  not  groat,  as  for  In 
leas  than  half  a  mile,  this  supposition  is  no  longer  pemiissible,  ai 
the  angle  read  oil'  cannot  be  accepted  without  correction  us  the  actc 
Anglo    between    the  objects.      Thus    we    arrive    at    the    followinf 
definition ; — 

Tht  Parallaa  q/"  the  Stxtaat/or  a  flttmi  o^trl  it  thr  aiiglf  eoalain^ 
ieliBtea  two  ttraight  ll»ej<  ilrauiH /rom  tht  olgtel,  une  lo  the  ubttrrer'n 
ih*  othtr  to  tht  centre  nftbe  indtx-glatt. 

Foriniall  angles  up  to  a  certain  fixed  value  between 
'which  is  Kpecial  for  eoch  seittant,  the  correction  is  mlditive,  at  tl 
fixed  value  it  vanishes,  afterwards  reappearing  with  a  ucgativo  sign.  ■ 
Id  the  first  case  the  line  drawn  from  the  eye  to  the  objci-t  ] 
inside  the  centre  of  the  tndei-mirror  ;  In  the  second  it  passes  tli 
th«  centre  ;  and  in  thethirdcaseoutside.     The  value  of  the  s 
sngle  at  which  the  parnlks  vanishes  for  a  particular  sextant  m 


4 

^^¥ 
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obtained  by  letting  fall  a  pcrpciulicuUr  (roni  the  ccntrv  of  ilte 
gl>«8  upon  tlie  Una  uf  Ltillimatiou.      The  length  of  Uiis  pei-)Hnii]ii 
divirleil  hy  tlia  disULDue  of  it«  foot  from  tlie  eye-piacu  of  llie  telcwofw 
gjvcB  roughly  the  tangent  of  the  vaniahin^  angle  required. 

Tliua  the  correction  nrics  both  with  the  uut«iiiliiile  of  the  angle 
ohmn-ed  and  with  the  dUlAnce  of  the  object.  ConBei[neDtl)-,  if  it  ti 
wishpil  to  obtain  an  iingle  biitweeu  two  objecta  at  difier^nt  distMiees. 
th«t  which  in  farther  from  the  observer  should  be  treated  u  lb* 
reBect«il  object,  bo  that  the  urror  iirisin^  froni  parallax  may  be  a* 
little  na  po8Bible.-[Sec  "The  Parallax  Of  the  Sextant  and 
its  Influence  on  Observed  Angles,"  by  t'apiuin  A.  v\". 

Dbaibos,   R.A.  in  O^nutionitl  [•f,yir-  of  ll.r.  ll„y,U  ArlilUvy  l»nit«iwi 

1861.   ViA.  II.  No.  5.] 

4,  Bcetnlrip- Error.— ^vvn  the  beat  nwde  Mxtants  ore  lioble  ttt»i» 
•ooentric  error  nrisiug  from  the  great  ditfiimlty  in  plaoing  the  contn 
of  motion  given  to  the  index-liar  exactly  in  the  centre  ol  the  arc,  or 
from  the  contraction  or  expausiuu  of  the  metal.  It  boa  no  appreciable 
•fleet  on  small  anglos,  but  for  large  ones  may  amount  to  aeircnl 
minutes.  It  has  no  connection  with  the  index -error,  anil  odn 
no  ndjiutmeut.  A  methoti  of  Boding  it  is  given  by  Ci^talii  '. 
MoRURT\-,  c.  B.  R.K.,  in  biH  article  on  Navigation  in  the  EncgcU^ 
Sriliimiica,  gth  edition  ;  but  the  bcsl  aad  moat  practical  plan  II 
ha%'o  the  instrument  tested  on  pnri-'haae,  or  before  going  ti 
special  department  ii  niatulsined  at  Kew  Observatory, 
purpose  of  cxaminiug  at  a  sniatt  charge  sextants  Mnt  by  tlie  pnl 
&iid  supplying  a  table  of  these  errors  in  centering  for  each  10'' cf 
correction,  to  djstinguiab  it  from  the  ordinary  ind« 
frw|uently  spoken  o(  aa  '■  Ihe  A'<«  eorrtetion."  EvafJ 
oodct  on  lioanl  H-M.8.  "  Brltannik  "  ia  reiiiiiiud  by  Admiralty  U 


I       ti>  obUin  giiob  k  certificaW  (or  liis  aexlfttit,  and  navigBlora  in  general 
.       are  rtrongly  reoonl mended  to  Bvail  IhemBelvee  of  the  facilitiea  thlM.  ^ 
aHbiileil.     The  followmn!  is  &  apecimen. — 

■'  The  Kow  Observatory,"  RiiibmmiiJ,  Surrey. 
CertificatB  of  ElBminatioD. 
I 

The  MXtftitt  5.16  of  6]  Inchee  radius  by  Elliot  Bros.  London- 
divided  ou  wlver,  knd  re»diDg  to  10",  has  been  examined  at  Kov 
Olaervatory. 

The  Uslesuopea.  ahadea,  mirror*  and  arc  are  found  good  and  tltft    ' 
instrunienl   ia  approved   for   the  determinatiou  of  lunar  diatiu 
latitudes,  loml  tiroes  and  azimuth,  with  a  mnximum  ei-ror  of  20"  o£ 


I'be  foUowiug  are  the  mean  ci 


M  (in  addition  to  the  index 


— ff  lol— tr  liC 


■O-    20"— 0"   20" -0'   20" 


-0'  lovi"  'ff  i 


Sb&des.— Sots    of    coloured  glosses  stloched   to   natrononiicol 
reflecting  instruraentB  for  the  puqmao  of  diminishing  the  glore  of  an 

Iobjoct,  and  Bqualising  the  brightness  of  the   direct  and    rcflaulod 
jjDogee.      TliE  «et  which  ia  fitted  bo  cover  the  iiidex-gloxa  may  he 
raUol  the  Index   Shadfii,  tboae  which  are  fitted  to  oovbt  ibc  horiMn 
({loa*  the  Horison  ShadiM.     If  these  shodea  nrK  made  nf  l«d  gloss,  and  | 
thoir  fates  nut  ground  pamtlel,  obsen'flli'iiis  mode  when   they  ■ 
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used  will  be  affected  vnth  an  error,  which  may  be  called  the  Shade- 
Errur.  [See  under  Sextant,  III.  1.]  Besides  these  there 
is  the  TeUscof>e  Shade,  a  dark  glass  that  can  be  screwed  on  to  the  eye 
•end  of  the  telescope.  When  this  is  employed  alone  there  can  be  no 
resulting  error ;  for  if  the  faces  of  the  glass  are  not  perfectly  ground, 
the  rays  from  the  direct  and  reflected  image  are  affected  alike,  and  the 
measured  angle  between  them  remains  unchanged. 

Shaping  the  Course.— ** Shaping"  the  course  is  the  deter- 
mining on  what  course  to  put  the  ship's  head  for  a  given  passage. 

Sidereal  (L.  Siderali^,  from  Mm,  sulh'i$,  "a  star  '*).  —Pertaining 
to  the  stars;  thus  we  have  ** sidereal  day,"  *' sidereal  year," 
**  sidereal  time  ". — See  under  each  term  qualified. 

Sidereal  and  Solar  Day ;  Sidereal  and  Solar  7ear.— 

The  significance  of  the  adjectives  must  be  carefully  noted  and  distin- 
guished in  these  two  sets  of  expressions.  The  retrograde  motion  of 
the  first  point  of  Aries  separates  it  from  any  fixed  star  on  the  ecliptic 
by  SO'l*  annually,  a  quantity  which  is  the  express  cause  of  the 
•difFerence  in  length  of  the  solar  and  sidereal  year,  and  which  must 
therefore,  in  their  case,  be  strictly  taken  into  account.  But  the 
corresponding  ilaily  motion  of  the  first  point  of  Aries  is  so  small  that 
it  is  neglected,  and  the  sidereal  day  is  defined  by  the  successive 
transits  of  this  point.  The  solar  year  differs  from  the  sidereal  year 
by  reason  of  tlie  annual  motion  of  the  first  point  of  Aries  ;  the  solar 
day  differs  from  the  sidereal  day  by  reason  of  the  sun's  daily  motion 
in  the  ecliptic,  which  is  independent  of  the  diurnal  revolution  of  the 
•celestial  concave.  The  first  point  of  Aries,  therefore,  marks  the 
commencement  oi  iVi©  a\^w^  <io-M  wad  oC  the  solar  year. 


"Sidereal  Time"  at  Mean  Noon.— tlb  siiioreal  time 

menii  noon,  giveu  in  tlio  "Nnullckl 
Almiuiac."  p.  II.,  of  the  month,  is  the 
time  shown  by  el  sidereal  clock  at 
Greeiiwicli  when  the  mean  snlar  cloclc 
imlieales  Oh  Oi'i  &>  It  may  be  deBned 
OS  the  angtihir  distance  of  tlie  firat 
poiut  of  Ariea  from  the  meridian  of 
Greenwich  at  the  instant  of  m 
I  (MPT)i  It  ia  Ihreefore  the  name  (though  reclioned  in 
opposite  diroclionj  with  the  right  luseansioD  ot  the  mean  aun  when 
,  is  nuKia  noon  at  Greenn-ich  <  T  M). 
Signs  of  the  Bcliptic  or  Zodiac— The  ecliptic  ia  divided 
into  twelve  eijiiHl  {Ktctions  called  "  aigiia, "  each  occupying  30°  of  ilA. 
circumference,  conimeiiciug  from  the  vernal  equinoctial  point,  or  1 
point  of  Ariea.  The  names  of  tho  aigiis,  in  order,  with  their  aeveral 
■ymbuU.  are  as  foliotia:— Aria  T,  Taama  a  ,  Qemiuis,  Caactr  3 
Lta  a,  Virgo  m  ;  Lihra  i^,  Scorpio  m,  SayiUariu*  I  ,  Capritonv 
yj.  Aquaria*  X,  Pincn  H .  The  first  six  are  the  northern,  and  tl 
laat  aix  the  aoiithern  mgim.  Thene  are  the  niunes  bIm>  of  the  twelva 
ContUllatiixiii  of  the  Zoitiuc ;  and  when  thia  notation  was  eHtabliahed, 
"the  signs  of  the  ecbptic,"  or,  as  they  are  sometimes  called,  "the 
aignaof  tho  Zodiac,"  toinoidud  in  poaitioua  with  the  "oonstcllfttiona'*' 
of  the  same  name,  which  uame,  consequently,  the  sign  took.  This 
«>iiwidenoi*,  howe\  ge     «wla.   Tho  vernal  eqainootial  point,, 

or  first  point  of   Anus      rom   v.      b  the  diviaions  of  the  ecU 
comnienue.  has  a  »    w  grsd    nl  tlon  along  the  ecliptic,  so  that  ifi 

ia  no  longer  in  Lb  Aries,  but  is  now  situated  in 

of  Pisces,  and  so         all    h  t,  a"  whose  position  is  defined  by 
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that  of  the  origin ;  they  have  retrograded  with  respect  to  the 
corresponding  constellations,  or,  which  is  the  same  thing,  tbe 
constellations  have  progressed  relatively  to  them,  the  constellation  of 
Aries  now  occupying  the  sign  Taurus,  the  constellation  of  Tannu 
the  sign  Gemini,  and  so  on.  Hence  it  must  be  particularly  obsenred 
that  the  signs  of  the  ecliptic  are  now  regarded  as  purely  technkal 
subdivisions,  and  not  to  be  confused  with  the  constellations  of  the 
f«ame  name,  though  they  were  originally  identical.  In  former  times 
it  was  usual  to  note  the  longitude  of  a  heavenly  body  in  signs,  degreet^ 
viimitfs,  etc.,  5s  15*  20'  indicate  what  would l)e  now  written  165* SC. 
Tlic  old  nomenclature  still,  in  some  measure,  holds  its  ground.  The 
equinoctial  points  are  generally  called  the  JlrH  point  of  Aries,  and  the 
fr$t  point  of  Libra  ;  the  two  parallels  of  latitude  on  the  earth's  surface 
called  the  tropics  retain  the  names  of  the  Tropic  of  Cancer  emd  the 
Tropic,  of  Capricorn,  after  the  constellations  in  which  the  solstitial 
points  were  formerly  situated  ;  and  again,  in  speaking  of  the  place  of 
the  sun,  it  is  oft^n  referred  to  the  signs — **  the  sun  is  in  Aries,"  means 
tliat  he  is  between  0*  and  30*  of  longitude. 

Sirius  (Gk.  2cf/M0$,  from  <r€Lp€ip,  "to  scorch";  or  Oanicula, 

L.   tlie  "  Dog  Star  "). — The  star  a  Canis  Majoris,  the  brightest  in  the 

heavens.    In  ancient  times  the  heliacal  rising  of  this  star  (t.  e.  the  period 

of  the  year  when  it  rises  so  much  before  the  sun  as  to  become  visil^le 

just  before  daylight)  followed  close  upon  the  summer  solstice,  the 

season  of  the  greatest  lieat.     The  Eg^7)tians  called  it  ^^  Sothis"  koA 

from  its  heliacal  rising  liad  warning  that  the  overflow  of  the  Nile 

was  about  to  commence.     Owing  to  the  precession  of  the  equinoxe*, 

the  heliacal  rismg  of  Sirius  has  slowly  changed,  its  date  at  present 

teking  place  about  K\xga«\.\Q.— 'S^^%a2^'«ai^t. 
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Slaok-Water.—Tliu  time  of  BlH';k-u'ater  at  any  place  JH 
Interval  during   wliich   tlierc   is  no   tidp-currcnt.     It  miisl  not  bcj 
-^Mifaundcd  with  tb^  time  o(  liigh  or  Iovf  water. 

Small  ClrcleB.— Small  Circles  of  the  Split'ra  are  tliose  wliowf 
planes  <Tii  out  pasa  thruiigh  tlie  centre See  anilrr  OlTOlSB- 

Solar  (L,  nolarit,  from  (iW,  "  the  bud").— Pertuining  to  Uiesun.  I 
Thus  wo  hove  the  Solar  .Vj^/rffm,  desigiioting  all  those  heavenly  hodieS'l 
irhicli  revolvu  about  the  sun  as  their  contre.  Again,  the  Soliir  Yeaff 
«nd  .SoUiT  Daij  are  portions  of  lime  niarkeil  anil  definwl  by  Uw  I 
Apparent  motions  of  the  aun ;   ao  we  have  Satar  Kctipitt,  the  Soiar  1 


Solatioefl  (L-  taUUUam 
^are,  "to  stand  stitr'j.—TI 
Sm  and  December  SSiuI,  ai 
decliiution  nortb  nnd  nouth. 


-  nolit  Malio,  from  lol,  "  the  sim,"  e 
e  two  periods  of  the  ycur,  about  June 
which  the  «iin  attairw  hix  moiim 
When  the  sun,  in  his  annual  revolution 


Id  the  ecliptic,  after  truvetUng  north,  has  attained  his  greatest 
northern  declination,  hin  course  for  the  moment  is  paraUul  t«  the  ' 
«qiliDoutial,  and,  aa  far  on  change  of  declination  is  ooncomed,  be 
appears  "  lo  stand  still";  and  similarly  he  appears  "  to  stand  stUl " 
-when  at  his  greatest  aouthorn  declination.  They  ore  distinguished  as 
the  Svmiier  S-^Hll'e  and  the  WUler  Soltlife.  We  Dmet  bear  in  mind, 
however,  that  thexe  terms  are  relative,  for  wb&t  is  the  summer 
aolattM  in  the  northern  in  the  winter  solstice  in  the  Boutbcm 
hemisphere,  and  what  is  the  winter  solatioo  in  the  northern  is  the 
Momnier  solstice  in  the  imuthern  heniiHphere.  Hence,  at  first  sigbl,  it 
would  appcor  better  to  diBtinguiBh  the  solstices  as  tbe  narlhern  »nd 
swutArm  mMice,  but  then  the  eigniScance  of  thew  epochs  would  bo 
Icat.     They  are,  bo  it  remembered,  epouhaot  tUo  triipiMit^eai.-iwViria. 
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year  has  especial  refereuce  to  the  succession  of  the  teaeom,  and 
therefore,  as  in  the  case  of  the  equinoxes,  the  seasons  which  they 
mark  must  be  the  qualifying  adjective  ;  thus,  as  we  have  the  Verwai 
and  A  utumncU  JitpiinoxeSf  so  we  must  have  the  Summer  and  lVl»Ur 
SoUticeB,  In  cases  where  there  is  any  danger  of  ambiguity  or 
confusion,  we  may  add  northern  or  southern,  as  the  case  may  be : 
thus  one  date  will  be  called  the  Northern  Summer  Solatict  or  the 
Southern  Winter  SoUtice,  and  the  other  the  Nortliem  Winter  Solnift 
or  the  Southern  Summer  Solstice,  It  is  convenient  to  restrict  (as  we 
have  done)  the  term  solstice  to  indicate  a  date  or  epoch  of  time  ;  and 
to  use  the  expression  solstitial  point  when  we  want  to  refer  to  aposititm 
or  2>l^ic€  in  the  ecliptic.     Similarly  for  etpninox  and  equinocticU  point. 

Solstitial  Oolure. — The  hour-circle  which  passes  through  the 
solstitial  points.  On  it  are  situated  not  only  the  poles  of  the 
equinoctial,  but  also  those  of  the  ecliptic. — See  Oolures. 

Solstitial  Points.— The  two  points  of  the  ecliptic  at  the 
greatest  distance  from  the  equinoctiaL  They  are  distinguished  as  the 
Summer  So/stitia/  Point  and  the  Winter  Solstitial  Point,  and  called  also^ 
tlie  First  Point  of  Cancer  and  the  First  Point  o/Capricomj  as  being^ 
the  commencement  respectively  of  these  signs  of  the  ecliptic.  They 
are  represented  by  the  symbols  of  these  signs  sb  and  \y.  The  figure 
of  tlie  Crab  (Cancer)  has  evident  reference  to  the  change  in  the 
direction  of  the  sun  at  this  point  of  his  orbit.  The  solstitial  points,, 
like  tlie  equinoctial  points,  do  not  preserve  a  constant  place  among 
the  stars,  but  liave  a  regular  slow  retrograde  motion. 

Sound. — Whatever  be  their  loudness  or  pitch,  all  sounds  are 
propagated  with  the  same  velocity  through  the  same  medium.    This. 
I'eJocity  has  been  dftlwTKcaRA  Iq>x  Iba  atmosphere  by  experiments. 


Tlie  conclusion  arrivril  at  'm  that  sijiitid  travela  in  dry  ai 
temporatiire  of  freezing  watei .  ubout  lOflO  feet  per  second  ;  ami  th&tj 
•upposing  the  preaouro  of  iho  utmoopliare  constant,  the  velocjt^ 
iiiureaaes  \vitb  tlie  Uiniperature  at  the  ntte  of  1  '14  feet  (very  n 
per  second  for  overy  1'  Fahrenliuit.  At  an  averajie  temperatore  c 
6?,  sound  will  travel  at  the  rate  of  1125  feet  peraeconil. 

Whatever  t«udH  to  increase  the  elamieily  of  the  air  also  acceleraU) 
the  motion  of  sound  through  it.     A  moderate  broeKe  direct  bi 
the  origin  of  the  aouuil  and  the  listener  oCTects  the  velocity  about  31 
feet  a  soconil.     It  is  obatructed  by  whatever  disturbs  the  homogeneltj^ 
of  the  niHlium,  suoh  as  partial  variations  of  teniperatai 
ftro  better  heftnl  during  the  night  tbau  in  the  daytime  ;  and  sdowJ 
fog,   and   rain,   wliuo  general,   are  particularly  favoursble   for  t 
trannnission  of  aound.     These  facta  furnish  a  method   which  is  soni 
time*  convenient  for  cntiniating  distances.      If  the  number  of  secon 
ba  noted  which  elapse  between  seeing   tlie  flosli  of  a  distant  gun  aodl 
hearing  the  report,  the  distance  of  the  gun  is  easily  deduced.     TheV 
fbQowing  appronmate  rule  is  useful  for  praotical  purposes ; — Divida  1 
the  seconds  ehipsed  by  5  ;  from  the  quutii^rit  subtract   fj   of  itself,   ( 
and  the  result  is  the  distance  in  statute  miles  very  nearly  ;    if  i>j   of  1 
\hB  quotient  be  added  instead  of  subtracted,  the  result  is  in  nautical  J 

Sounding  (Sax.   mnd  "  a  mesaouger  "  ;  Pr.  tonder  ;  3p.  sonrfof-fl 
or  tondrarj, — Sounding  is  the  aacerUining  particulars  respecting  thai 
bottom  of  the  water  through  which  a  ship  is  sailing.     The  results  o( 
ocean -si'uu ding    will    doubtless  prove  indirectly  important  t 
seaman,  but  for  the  direct  purposes  of  &a\'igatioa  we  are  com 
mly  with   U)   Soundings  in  ihallow  water,  with  a  view  otsafetj 


guiding  the  ship  over  dhooU,  through  cluttuiels,  to  an  &aclior>ge,  etc; 
(2)  Sniindiags  in  deeper  w&ter,  with  a  view  of  determiDiug  lh« 
position  ot  the  ship. 

1-  In  Safetr-SoundiZLKS  it  is  evident  that  it  will  oftm  l« 
Bufficiunt  to  know  that  the  depth  U  abuve  a  oerUtin  vala«,  but  when  it 
BhalloWB  to  near  the  dmught  of  tJie  vessel,  great  atteatioii  must  be 
paid  to  the  souudings.  They  are  fouuil  by  the  simpU  instrumeut 
called  the  Hanil- Lead. 

2.  Ill  PoBltlon-SoundlnffS  the  infomiBtion  Ib  sought  on  two 

points — the  depth  of  the  water  and  the  nature  of  the  bottom.  The 
inatrumont  used  it  the  Dtep-tra  Lra4.  In  the  comniau  deep-xea  l«ad 
the  depth  of  the  water  is  indicated  hy  the  length  of  the  measured 
and  mark  od  line  run  out,  and  the  nature  of  the  bottom  is  osccrt^ioeil 
by  the  portion  brought  up  by  the  "arming"  of  the  lead.  I'o  obmU 
the  nacBBBity  of  stopping  the  ship's  woy  and  "  rounding  her  lo"  wheo 
thus  Bounding,  several  ingenious  instruments  have  been  invented.  1> 
Burl't  Bimg  and  Nipper  tha  line  runs  through  a  spring  catch  in  th* 
buoy  till  the  lead  reaches  the  bottom,  when  the  catch  seizes  the  llM 
and  fixes  the  buoy  at  the  depth  descended-  Mcutej/'i  Lead  registcn 
the  depth  of  water  descended  through  by  wheelwork  set  in  motion 
by  K  By.  iPaJber'ii  Harpoon-Sounding  Jtatkiw  is  on  the  samB 
principle.  Erieaon'i  Ltad  measures  the  depth  of  the  water  by  tb« 
■pace  into  which  the  air  contained  in  a  glass  tube  and  n!Ber\'o>r 
within  the  lead  is  condensed  by  the  prosaure  of  the  wat«r.  Sir 
WUIiam  Thonaon'a  Sottn^ng  Mackint  has  a  glass  tube  coimected  wilJi 
the  sinker,  closed  al  the  top  end  and  coated  inside  with  oliromola  <i 
■ilver;  the  increased  pressure  at  greater  depths  drives  the  watemii 
the  tube,  ftnd  its  actum  \avtv»  %  white  mark,  the  position  of  which 


can  lie  eatiiiialed  by  a,  sizale  ;  pianoforte  aleel  wire  le  used  insteBd  ol 
lice  and  is  coiled  on  a  light  reel.     'I'he  methods  ol  estimating  the  I 
depth  by  the  increaacd  presaure,  being  iitde pendent  of  the  an 
line  ont,  ilooot  necessitate  stopping  or   reducing  tlie  speed  of  tfaaf 
VBBsel.— See  Iisad- 

South  Frigid  Zone.^The  zone  of  the  earth  contaiaed  hetwi 
the  winth  jwle  and  the  antarctic  circle,  or  pllt»llel  ot  about  Bd'  33'  S. 

South  Temperate  Zone.^'llie  zone  of  thu  earth  ouutainedl 
betwccD  the  tropic  of  Capricorn,  or  parallel  of  about  23*  27'  S.,  ondfl 
the  nntnri:ti<!  (Circle,  or  parallel  of  about  6G°  33'  S. 

South  Point  of  the  Horizon.  —The  north  and  euuth  points  I 
«if  the  horizon  arc  thu  poiiit.'^  in  whicli  the  meridian  line  mi^ta  the  I 
oclostml  horizon  ;  the  lonth  point  being  that  adjacent  to  the  south.  I 
pole  of  the  heavens.  When  the  north  pole  is  above  the  horizon.  th»l 
south  point  is  aometimcs  token  u  the  origin  from  which  aaimuthafl 
are  rftckoned. 

South  Polo  of  the  Earth.— Thut  pole  whidi  is  farthest  from  I 

South  Pole  of  the  Heavens. —Thui  pole  of  the  heav- 
towards  which  ihi?  i^oiiili  jmlc  of  tlie  earth  is  direetocl. 

Southern  Hemisphere- — Of  the  two  heroisphorM  ii 
which  the  earth  is  divided  by  the  oiualor,  the  toulhera  is  the  c 
in  which  Europe  is  not  situated. 

Southing. — The  distance  n  aliipmiLkeegoo<l  in  &  louth  din<atioiit.a 
it  is  hor  diffurenca  of  latiluiiu  when  goiii);  suulliwunl.     Oppixtccl  1 
northing. 
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Sphere.— (Git-  <r0a«^,  "a  ball"). —A  solid  contained  by  one 
uniform  round  surface,  every  point  of  which  is  equally  distant  from  a 
certain  point  within  it  called  the  centre ;  it  may  be  conceived  aa 
generated  by  the  revolution  of  a  circle  about  a  fixed  diameter.  The 
doctrine  of  the  sphere  treats  of  its  properties  considered  as  a  geo- 
metrical surface.  In  astronomy  by  **  The  Sphere "  is  commonly 
understood  the  "  Cdestial  Sphere,"  or  "  Concave,"  The  Bifjht  Sphere 
is  the  sphere  in  that  position  iu  which  the  diurnal  circles  are  at  right 
angles  to  the  horizon  ;  the  Paralle/  Sphere  the  sphere  in  that  positioo 
in  which  they  are  parallel  to  the  horizon  ;  and  the  Ob/ique  Sphere,  the 
sphere  in  that  position  in  which  they  are  oblique  to  the  horizon. 

Sphere  of  the  Heavens,  or  of  the  Stars.— The  imaginary 

sphere  of  infinite  radius,  having  the  eye  of  the  spectator  for  its  centre, 
on  the  concave  surface  of  which  the  heavenly  bodies  appear  to  be 
placed.  It  is  also  called  the  **  CfUdiiaJ  Concave."  The  radius  of  the 
earth  l)oing  evanescent  relatively  to  the  distance  of  the  celestial 
concave,  the  eye  of  the  spectator  and  the  centre  of  the  earth  are 
considered  coincident. 

Spherical  Sailing. -The  method  of  solving  problems  in 
navigation  upon  principles  deduced  from  the  spherical  figure  of  the 
earth.  All  problems  not  involving  difference  of  longitude  maybe 
determined  VL\Km  the  supposition  that  the  elements  all  lie  on  a  plaue 
requiring  tlio  application  of  plane  trigonometry  only;  hence  the 
relations  of  the  quantities,  Course,  Distance,  Difference  of  Latitude, 
and  Dcpai-ture,  arc  treated  of  under  the  head  of  Plane  ScUUng.  The 
aitl  of  sphericiil  trigonometry,  either  in  the  actual  computation  or  in 
the  construction  of  the  tiibles  used,  is  necessary  when  tlie  Difference 
of  longitude  is  involve<l,  and  hence  the  relation  of  any  two  of  the 
quantities,  Courwj,  \A>ila.w<i^,\iSfiwi^<ie  of  Latitude,  and  Departme^ 


with   the   DiffpiL-iicc   of  longiluile,   are  treated   of  umler  lliB  liw 
SpheriniJ   Sailing,      The   Bim])Iu    c»«e   nf    Pamiiri  Suilimj 
property  of   tlie    epliere  exhiliita  u  ounstant  relatiun  liotwovll  tUal 
Departure  ojhI  DiOurcnce  of  longitude,   which  two  quantities  may  J 
therefore  he  lroat«(l  as  elenieiita  of  a  plane  triangle)  furnialieB  a  kind  J 
of  litik  iMtweeii  plauu  and  iiplierical  saiUiig.      From  tliia  particnlK 
«aM  in  deduced   an  appruKiiuatti  Dietliud  of  sulviag    the   genera 
problimis  of  aphericol  wiling  called  Mulillt-Latitiult  Sailimj. 
aconratc  method  ii  called  MerrjUor  Suiting,  from  thaoliart  vonetr 
on  the  principloa  moili!  use  of.  — !^ee  Baillnga 

BpheFOid  (ilk.  a^oipttiSiii.  "  boll-like  "  ;  from  eipnipa.,  "  a, 
•ad  (Hot,   "form''). — A  solid  body  which  approaches  this  form  of  »B 
apliere.     It  may  !)e  cnncuiveil  to  lie  getierated  by  tllc  ruvolution  of  lU 
«Ilipae  about  one  rjf  its  axes.      If  the  ellipse  revolve  about  the  majoiSH 
Mus,  a.  Pro/ale  Sphcmid  ia  generated  ;   if  about  the  Ulinc 
Oblate  Sphrroid.      The  oblal-e  spheroid  is  Ibe  more  importAiit,  i 
tmng  tlie  form   wliiuh   a  aiaas  iif  plastic  matt«r  wuidd  as 
rotatiug  on  a  given  axin,  and  eoiiaei|uently  it  is  the  form  ol 
tliu  heavenly  Imdies. 

Bploa.  |L.   "an  ear  of  cum  ").— The  tmmc  uf  the  brig 
Yirginit,  ao  ualled  nftpr  the  device  of  the  ancient  Greeks,  wli 
an  ear  of  corn  in  tlic  the  hand  of  the  Virgin,  typical  "I  the  harvest  J 
wtlich  with  them  coinuidcil  with  the  sun's  approach  to  this  coiu 
«tu  star.— Sec  Virgo. 

Spiral  Curves.  — Curven  which  circulate  round  a  point  Ol 
following  noino  distinguishing  law.      On  the  au  rfoce  of  the  earth  ai 
tijniiini/iiittr  ffArat  is  a  curve  whiah  cutti  all  the  mcriiliami 
•oglea  while  it  winds  round  and  round  the  globe  approaching  the  |ioI» 
dajftipto^cBlly :  it  ta  Iwst  known  as  the  rUniuli. 
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Spring  Tide  (Sax.  springan,  "  to  grow,"  "  bulge  ").— The 
greatest  tides,  taking  place  after  the  syzygy  of  the  sun  and  moon.— 
See  under  Tides. 

Stars,  Fixed. — Those  bodies  of  the  heavens  which  possess  a 
high  degree  of  permanence  as  to  apparent  relative  situation.  The 
term  **  fixed*'  must  be  understood  in  a  comparative  and  not  in  an 
a)>8oluto  sense,  as  doubtless  every  body  of  the  universe  is  in  a  state 
of  motion.  In  consequence,  however,  of  their  enormous  distances, 
the  proper  motions  of  the  "stars''  produce  an  extremely  small 
apparent  change  of  relative  positions  to  an  observer  on  the  earth's 
surface,  and  for  all  practical  purposes  they  are  appropriat-ely 
designated  asjixed.  Their  apparent  position  is  also  unaltered  (except 
in  a  very  minute  degree  in  some  few  cases)  by  the  parallactic  change 
of  view  caused  by  the  motion  of  the  earth  in  her  orbit,  though  she 
shifts  }\cr  place  by  about  ISO  millions  of  miles  in  the  course  of  the 
year.  Tlie  nearest  of  the  fixed  stars,  a  Centauri,  is  distant  about 
200,000  times  the  distance  (about  93  millions  of  miles)  of  the  earth 
from  the  sun,  others  are  perhaps  1000  times  more  remote ;  and  in 
consequence  they  appear,  when  >'iewed  through  the  most  powerful 
telescopes,  only  as  bright  points  'without  any  apparent  disc.  They 
shine  by  their  own  light  like  our  sun,  and  their  twinkling  at  once 
distinguishes  them  from  the  planets,  which  are  >nsible  merely  by 
reflected  solar  light.  The  stars  exhibit  different  grades  of  brightness, 
and  are  hence  ranged  by  astronomers  into  classes  called  ** magnitudes." 
[See  Magnitude.]  The  telescope  reveals  to  us  that  the  stars  are 
innumerable,  but  it  is  only  with  the  most  conspicuous  that  the 
navigator  is  concerned.  These  are  marked  out  into  artificial  groups 
called  '*  constellations,"  and  each  member  of  such  group  ia  distin- 
/fished  by  a  letter  ol  l\v«  Qit^^  ^'^\!A.\»t^  and  in  some  oaaee  by  a 


proper  iianie.  It  ia  Dcecssary  for  ub  to  aci^nire  a,  knowledge  of  tt 
names  and  positiona  of  such  fixed  stars  ae  are  useful  in  the  proHeo 
of  celo-navigation,  ot  which  stars  full  partioalara  are  givon  i 
*'  Nsutical  AlmoDac. " 

1.   ^Ve  may  tto  this  by  caltalating  the  distance  of  the  lirat  pointX 
of  Arire  from  tlie  meridian  uF  our  station  at  uny  given  bonr,  e 
•Boertaining,  by  moans  of  tlic>  catalogue  of  the  right  oeceiiaioDS  e 
declinations,  what  iitarB  miint  at  that  time  be  above  the  hartzon  and   ' 
new  the  meridian,  and  then,  hy   compitriBg  their  righ 
moA  dBCliiiatioiui,  we  may  easily  learn  the  name  of  each  partici 
■tor.     In  consequence  of  tlie  sun's  motion  in  the  ecliptic  (in  direction 
oootniry  lo  the  djuninl  motion),  the  fixed  stars  rise  earlier  every  J 


2.  I'he  simplesl  plan,  however,  of  becoming  acqusintad  with  tl 
Btsn  is  hy  means  of  a  globe  or  map  of  the  heax'ens.  Oj 
r«iiiarkabl«  groups  (such  as  Ursa  Major  and  Orion)  oon  i 
reuognized,  and  then  we  can  refer  any  star,  the  name  of  whict 
to  know,  Ut  some  otlier  stars  already  known,  hy  ima}(iniug  a  line  to 
pass  thniugh  two  or  more  such  known  stars,  and,  when  produced  tl 
•  oerl&in  distance,  to  pass  tlirough  or  near  the  star  whose  ni 
required. 

3.  The  Milky  Way  is  also  of  great  axsifltance  to  aeamen  in  f 
K  star,  especially  on  a  bright  night. 

The  altitudes  of  stars  may  be  most  advantageously  observed  ■! 
•M  during  the  twilight,  aa  the  horizon  at  that  time  is  i 
cteorly  visibly  and  strongly  marked. 

Star  Obarts. — 1  Uu  xouc  in  the  vicinity  of  the  equinoctial  m 
conveniently  l>e  mapped  down  on  Uercator's  projection.     ThiaiaM 


^ 
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important  portion  of  the  heavens,  especially  in  connection  with 
finding  the  longitude  by  lunar  distances.  We  have  consequently 
given  a  chart  to  illustrate  Lunar' Distance  BwUes.  This  is  necessarily 
on  a  very  small  scale,  but  every  young  officer  can  draw  a  large  one 
for  his  own  use.  The  chart  given  comprises  a  zone  of  90" ;  and  it 
ahows  the  lunar-distance  zone  of  60%  with  the  ecliptic  and  zodiac 
running  athwart  it. 

The  circumpolar  regions  are  beat  represented  on  circular  charts. 
Two  are  given  in  the  commencement  of  this  book  for  north  and  south 
•declinations.  Each  includes  90**  of  the  heavens,  viz.  45°  from  the  pole. 
'Lliese  charts  are  mounted  as  circular  rotating  discs,  and  by  setting 
them  the  appearance  of  the  heavens  in  the  regions  delineated  can  be 
obtained  for  any  date  at  the  place  of  observation.  It  will  be  easy  for 
Any  navigator  to  construct  similar  discs  on  a  larger  scale. 

Stars,  Magfnitude  of — The  classes  into  which  astronomers  have 
distinguished  the  fixed  stars,  according  to  their  apparent  brightness. 
This  apparent  brightness  is  the  combined  result  of  their  distance 
from  us,  their  actual  size,  and  their  degree  of  heat.  The  classification 
is  entirely  arbitrary  and  conventional,  and  different  observers  differ 
in  the  magnitude  they  assign  to  the  same  star.  The  brightest  stars 
are  said  to  be  of  the  first  magnitude,  including  about  23  or  24  principal 
stars ;  then  come  stars  of  the  second  magnitude,  which  exhibit  a 
marked  falling  off  in  brightness  from  the  first  class,  numbering  about 
M  or  60  ;  stars  of  the  third  magnitude  come  next,  comprising  about 
200 ;  and  so  on  down  to  the  sixth  or  seventh,  the  numbers  belonging 
to  each  increasing  very  rapidly  as  we  descend  in  the  scale  of  bright- 
ness. The  sixth  and  seventh  magnitudes  include  the  smallest  stars 
yisible  to  the  naked  eye  on  the  clearest  and  darkest  night.  The 
Obages  which  foWovr,  Itom  \>[i«  %«^^x^«:^d.«i^hth  to  the  sixteenth 
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form  n  sepante  ili\-iainn,   boiug  tliat  of  t)ic  tolcscopic  stnrs.     The 

differeuce  of  lustre  )>etve«ii  stani  of  twn  couBccutive  magnitudes  is  so 

Boniiidenible  aa  to  admit  of  intermediate  grudatioiia  lieing  ackuow- 

ledgcd.     At  the  Srst  introduction  of  fractioua  into  tlie  nomenclature 

lirighcnes!>,  a  simple  intermediato  stage  was  ^ecog1li!^c(l ;  thus  a 

r  intermediato  in  brightness  to  a  atar  of  tlio  fint  and  second 

piagiiitudo,  was  destribed   by  a  combination  of  the  tii'o  figures,  aa 

1.2  m  ;  one  between  the  second  and  third  i»  2.3  m  ;  and  hi  on.     The 

interval  was  afterwards  sometimes  trisected,  thue^l  ni,  1.2  m,  2.1  m, 

where  1.2  ni  represents  a  alar  wliose  magnitude  is  intermediate, 

Inil  nearer  tlie  Krst  tban  tlie  vecoiid  ;  2. 1  m  a  star  wliuau  magnitude 

intermediate,  liut  nearer  the  aeeoml  tlian  tlie  first.     This  wai  the 

adopted  in  the  table  o/Slandard  Slam  given  in  the  "  Nautical 

Imanaa."    More  lately  a  decimal  snlKlivisiun  hot  been  proposed  in 

it  place  of  these  rouglier  (ornis  of  expressiou,  ami  lins  been  introduced 

the  Nanlical  Almonoc  of  IS9G.      As  this  change  niny  be  overlooked, 

LB  well   to  draw  attention  to   it.   rciiiarkiug  that  tlie  dot  uwd 

'e%'iouBly  to  189C,  is  not  a  ilecimat  point,  ami  in  thci-ofore  printed  on 

lb  level  of  the  line  and  not  biglier  up  as  a  decimal  point  is  pLkced. 

IDS  the  magnitude  of  a  Cygui  is   descrilied  in  N.A.  of  I895aaZ.l 

It   in   N.A.   of   ISS)6    as   1-5 1   and  that  of    a    I'iscis    Australts, 

reapectively  aa  1.2andl-3.     Tlie  magnitudes  in  N.A.   1806  aivtAken 

m  Ibe  Ilarennl  Photaiatlrit  or  the  U'tiHometria  Argtnlina.    Tbeae 

I  the    results    of    tiontrivaiiceB    far  nicasuriiig  light  photomstria 

iniat«a.     St«lkr  photometry  was  initiated  by  Sir  William  Herschel 

\  providei!  with  exact  niethwis  by  his  son  Sir  John.     Kxlended 

stoiuetrio  catalogues  have  since  boon  coustmottsi  on  opposite  sldM 

tbo  AtUntic  at  HarvanI  by  Professor  K.  C.   Pickering,  ar 

)xford  by  Professor  Pritchard.     In  Herschol's  catalogue  the  apparent 

brigbtneM  of  a  Centanri  was  •doi;ted  as  &  an\\.  ol  n\usBU,Ti»»*A&.   ^ra.  | 
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later  Usm  unity  does  not  ilescribo  the  greatest  hciglit.^ae.  whkfa  > 
now  found  on  tho  negative  side  of  lero.     Sirius  is  by  far  the  hright«» 
star  in  llio  heavens,  ita  ItriUiancy  being  four  limes  that  of  an  avBiagi 
Ist  inogiiitudo  aUr.     It  atandn  in  a  catogoiy  aioae  :  iu  magnitude 
will  be  found  reprosonted  in  the  N.A.  for  1886  »»— 1.4  wliilit  thUet 
ArcturuBiggivena«0.O.   Tlio  nest  bLx  in  order  are  Capolk.O.!!;  Vq*.     ' 
0,2 ;   Rigel,  0.3  ;   Canopus,  0.*  ;  Procyon,  0.5  ;  and  a  Ceolauii,  O.T. 
Then    follow  Achernar,    1.0;    Aldebaran,   1.0 1     AJtair,    l.O;    and 
AntarOH.    I.l  ;  Polliu:,  l.I  ;  Spica,  1.2 ;  ^    CciiUuri.    1.2;    ■  Crod». 

Majoris,  1.5 ;  Ca.tor.  1.6.     Bcl«lguo»  varies  from  l.O  to  lA. 

Station  Pointer.— An  instnimuut  for  Uyins  down  Ibu  poaitiao 
of  a  place   from  whiah  have  been  observed  two  horiionta]  tui^ 

distant  objocW,     It                 _                  ^^Ai^ 

may      be     applied       /^^^^^L^^^T^                         ] 
with   gnat   advan-      m^\.           J^^^^                                         \ 

the    position    of  a      W.      //^^SiL               '^                                 1 
aliip  oa  ahe  poasel       \S^^       J^^^^^^                                   J 

hidden  dniiger.      In  its  osual  form  it  consiBls  of  a  gmdiutod  ^|H 
connecto"!  witli  ita  centre,  from  which  radiate  thrse  arms  one  edgadl 
each  bring  lievelled,     Tlio  middle  arm   U  fixed,  the  eAgu  aiioddiBl 
with   tho  «ero  of  the  gra.limlionH  whiob  are  thenoo  rwkonmt  vi 
markai   on   the  arc  in  botli   directions.     The  two  othur  aniii«i« 
jnovable,  the  oue  to  tW  ni^v  VV«  «Ct«t  w.  n.'s*  Wt.  throngh  any  a«l> 

rouiiil  llie  cuDiiiiiiri  utnlru.  Wbero  Lliby  pasi  uiitwurd  under  tli« 
graduated  circle  tlipy  carry  verniers  furnished  with  elampiog  and 
tuigent  Bcrowt  for  fixing  them  and  ocfurotely  reading  off  the  angle. 

When  the  two  aagtos  observed  have  been  aet  upon  the  ring,  tha 
inBtniment  il  laid  on  the  chart  so  that  the  bevelled  edges  of  tlietlircB 
amu  pass  tlirongh  tlie  poaitionB  of  Che  ubserrcd  objects :  the 
centre  will  thbn  indicate  tlie  position  of  the  place  of  observation  ;  and 
this  is  marked  off  by  pasBiog  a  jirickiiig  point  Ihrough  a  aniall  open- 
ing made  at  the  centre  tor  the  purpose.  A  Brnnl)  piece  of  tracing 
paper  may  be  made  to  serve  iu  tlieHbgeiice  oftbis  iiiBtrumciil.  Mark 
oil  it  a  point  to  represent  the  station  of  the  observer,  and  from  this 
draw  threa  lines,  the  right  and  left  making  with  the  cuutral  one  the 
twtr  observed  angles.  Then  laying  the  tracing  paper  ou  the  chart, 
abift  it  alwut  till  the  three  lines  all  piia»  respectively  over  the  thre» 
objects  observed.  I'rick  through  the  point  where  the  lines  meet  and 
the  r(!i|nired  position  will  lie  tlius  marked  on  the  I'hart.  Tha 
principle  of  the  Bt«lion-pointer  will  bo  found  explained  under  tha 
Threr-i>oi<'l  Prohlem. 

Btereographic  Projection  {<ik.  artfuit,  "solid";  ypi<pei'. 
"to  grave"). — Tlia  alcreogruphie  projection  of  the  sphere  is  a  natural 
projection  of  the  concavity  of  the  sphere  on  a  diametrical  plane  as 
primitive,  the  eye  being  placed  on  the  surface  at  the  opposita 
extremity  of  the  diameter  perpendicular  to  the  primitive. — lSbc  under 
Projection. 

StOnOB,  Iiaw  of. — Revolving  storms  or  cyclonto  (including  tha 
Hnrricanca  of  Ihi-  West  Inilius  and  South  Indian  Ocean,  the  Typhoons- 
of  the  China  .Sea.  unil  the  Storms  uf  the  Ray  of  Bengal)  appear  to  be 
■ubjcct  to  a  Inw  of  which  the  two  following  points  are  the  character- 
istics :  (1)  The  wind  revolves  in  a  spiral  curve  ronnd  and  towards  an 
kxu  withgrcol  rs/)id)Cj',  ina  direction  nyainrt  V\vc\iB.-oA»'AB,'w**3kJ 
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in  the  northern  and  toith  the  hands  of  a  Mratch  iu  the  southern 
hemisphere :  the  nearer  the  centre  or  vortex  the  more  violent 
is  the  wind,  while  the  centre  itself  is  calm,  the  barometer 
descending  as  the  centre  is  approached.  The  diameter  of  this  whirl 
or  gyration  is  in  some  cases  as  much  as  a  thousand  miles,  while  in 
others  it  is  only  a  few  leagues.  (2)  While  thus  rotating,  the  storm 
is  carried  bodily  along,  the  axis  leaning  forwanL  These  storms 
originate  somewhere  between  the  parallels  of  10**  and  20°  north  and 
Bouth,  and  first  travel  westward  in  both  hemispheres,  increasing, 
however,  their  distance  from  the  equator  until  they  reach  the  parallel 
•of  25°  or  30*  north  and  south,  when  they  turn  towards  the  east  or 
^ 'recur vate,"  but  continue  to  increase  their  distance  from  the  equator; 
— in  other  words,  they  first  tmvel  westwardly,  inclining  towards  the 
nearer  jiolo,  and  then  I'ecurve  and  travel  eastwardly,  still  inclining 
towards  the  pole.  The  rate  at  which  they  advance  appears  to  be 
different  in  different  seas,  and  also  to  depend  upon  the  age  or  period 
•of  tlie  progress ;  200  miles  a  day  is  an  average  lute,  but  in  some 
cases  it  approaches  1000  mileK  a  day. 

When  a  ship  is  caught  in  one  of  these  revolving  storms,  the 
^rcat  object  is  to  avoid  the  vortex,  where  the  sea  is  most  confused, 
And  whore  a  sudden  and  violent  change  of  wind  occurs  from  an 
opposite  quarter.  If  the  ship  scuds,  she  will  obviously  run  round  and 
round  the  vortex  ;  if  compelled  to  heave-to,  that  tack  should  be 
£electe<l  on  which  the  wind  draws  aft,  1)ecause,  from  the  extreme 
violence  of  the  wind,  there  is  danger,  if  it  head  the  ship,  of  her  getting 
-stemway  :  while  the  ship  can  run,  the  object  should  be  to  make  for 
the  nearest  limit  or  edge  of  the  storm.  Running,  however,  is  attended 
with  risks  (being  dismasted,  upsetting,  broaching- to),  especially  in 
higher  latitudes,  'w\ieT^  vX^^  "^^i^cL  q\  >i3fts^  ^Svktoi  is  variable.     The 
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Ibllawiiig  in  tliB  rule  fur  ileleni lining  tlio  lieariiig  of  the  ceiitro,  given 
n  the  AdmiroUj- Bemnrks  on  Itovolving  Storms.  1853  :—"  Look  to 
be  winil's  oyo  ;  Mt  its  bearing  by  the  compow  ;  t«ke  the  8tli  poiQt 
iO  the  rij/hl  tliureoF,  aad  Uint  will  bo  the  bearing  of  the  centre  of  the 
■tomi,  IE  id  north  latitiiile  ;  or  if  in  soutli  latitude,  the  8th  point  to 
tba  Iffi  of  the  direction  of  the  wind." 

tt  is  odTisnblu  on  the  Hint  warning  of  the  approach  of  a  cyclone 
o  beavo-to,  in  order  to  detennine  accurately  it«  potiition  and  niotiou. 
Tile  manner  in  which  the  wind  is  veering  is  ou  important  indicatioib  J 
The  HimptoHt  way  to  undt-rfltno'l  how  the  wind  veoraaa  aciroulw  J 
■m  pBwot  over  the  ship  ie  the  following: — On  a  circle  mark  th*  I 
direction  of  the  whirl  (for  the  liemiflphcre)  by  arrowH ;  and  draw  » 
diametei- in  the  direction  of  the  track  of  the  storm,  wliioh  may  b»a 
deduced  approximately  from  the  locality.      It  must  be  bcrne  ir 
tftot,  for  both  Uvriiifipbercs,  the  track  curves  in  the  opposite  directioik  J 

ihe  whirl.      It  is  tlie  rc/itliee  motion  of  tbe  progression  an 
•llip  (hove-to]  with  which  we  are  now  concerned,  and  we  may  ther»^fl 
fore  consider  the  storm  to  be  at  rest  and  the  ship  to  be  moving  in  ll 
oontruy  direction.      If  we  then  pass  a  pencil  along  any  chord  of  oi 
wliirlMlisc  in  the  opposite  direction  parallel  to  the  track  of  the  elomi,,! 
ig  wiU  point  oDt  to  Qa  how  the  wind  veera  in  any  part  of  it.  It  will  J 
lu  be  founil  that  the  laimt  aliony*  vtera  in  Iht  »ame  direction  an  tAo'S 
rmroiatUfOa  that  tiiU  <tf  tht paCli  which  i*  txieraai  to  itt  m\ 
i  in  the  oppo*ile  ilircction  uif  Ai'n  the  cunnfure.     If  we  note  therofon 
bow  the  wind  is  veering,  we  sliati  be  able  to  nmelude  in  what  pi 
of  the  etomi  we  are  hove-lu.      The  etor-diios  of  the  commenoemeu 
of  this  volamu  may  servo  an  Btorm  whirl.diaca,  the  diroclion  being  tb« 
imo  fur  rotation  of  stars  and  of  wind  in  each  hemisphere. 
Stratus   (L.    "  laid   flat  ").~Tlie    "  Flat  Cloud,"    one  of   tb«^ 
primary  nodificatiom  of  clond,  —See  Olou^. 


Fig.  I 
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Stray-line- — The  waste  porliou  of  the  lag-line  wbi 

while  thu  log-Bhip  is  jjiiUing  dear  of  the  eddy  caused  by  tl 
Sm  under  IiOg. 

Submarine  Sentry.— A  mocliine  invented  by  ] 
Jiunog.  CE.,  fur  giving  instAiit  and  automatic  vaming  vb 
eiitera  wntor  of  a  spucifimt  depth,  thus  guardiog  against  th« 
Btraiidiiig  as  the  Ha(«r  shoals. 

The  sinker  or  kite  oousiste  of  two  pieces  of  board  k 
at  right  angles  and  pointed  at 
one  end.  Ou  the  ridge  formed 
by  the  meeting  of  the  boards 
ate  filed  two  rings,  nod 
towards  the  pointed  end  it  hns  a 
groove  cut  into  it  lo  receive  a 

IBlroDg  spring  pasdug  between 
the  attaulimeuts  of  the  ring 
and  tcrniinating  in  a  hook 
Into  this  ring  ia  hooked  an 
iron  trigger,  the  other  end  of 
wltich  projects  beyond  the 
pointed  end  of  tho  wood  and 
piuaoB  through  a  hole  at  the  top 
of  "  the  striker ",  being 
retained  in  this  position  by  the 
npring.  The  striker  is  au  iron 
rod  working  upon  a  hingo 
fixed  to  the  woo<) :  its  bottom 
Iwing  hollowed  to  reyoiveil  tho 
'  arming  "  of  the  oidiiiai^  Ai»i"e- 
»  lead.     Tte  v^^*  »  *'ft^»4 


Fig- 2 


by  two  wires  ;  one  being  permauenlly  attachwi  to  tlie 
ridge  :  the  ottisr  holding  on  temporarily  to  llie  trigger 
and  being  liberated  when  the  trigger  slips  from  the  hole  at 
the  top  of  the  Btriker-  These  two  wires  meat  iu  thu  ring  of  d  awivol 
to  which  is  attached  the  fiue  single  piano  wire,  of  the  highest 
ttsnncity  attainable,  by  which  thu  kite  is  towed  from  the  abip'a 
■quarter.  Tlie  requieite  number  of  fathoma  of  this  wire  ftre  Ixnn 
«oUed  on  a  drum. 

The  sinker  is,  what  it  has  boon  called,  a  veritable  kite — a  woodea 
inverted  one— and  it  dives  iu  the  water  on  the  same  principle  that 
A  paper  kite  riaes  in  the  air.  It«  two  slings  form  "  the  belly-band  " 
by  which  the  requisite  inclination  is  Bi-uured.  The  kite  ia  towed 
mtbem  at  any  specified  depth  up  to  45  fathoms,  the  vertical  depth  to 
irhich  it  sinks  depending  on  the  length  of  line  let  out  and  the  angle 
to  the  horiioiital  at  wbich  it  is  made  to  trail.  The  curve  formed  by 
the  wire  while  tuwing  is  concave  downwards,  and  its  form  is  not 
•changed  whan  the  ship's  speed  is  altered  within  practical  limits,  tha 
kite  not  trailing  further  oatcm  and  i-arying  its  depth  when  a  given 
length  of  wire  is  out.  This  is  an  iniporlant  feature  of  the  seutry, 
that  the  vertical  depth  is  not  altered  by  a  change  of  speed,  between 
6  and  13  fathoms.  This  depth  is  indicated  on  a  a  dial  attached  lo 
the  drum.  The  steadiness  of  the  sentry  on  guard  is  evidenced  by  th« 
pcnnt  where  the   line  enters  the  water  never  forying  ia  relativs 

When  the  vessel  enters  water  of  the  depth  tor  which  the  initm- 
ment  ia  set,  the  striker  tonches  the  bottom  (Fig.  2.  ),  and  the  blow    : 
Impelling  the  top  forwards  instantly  withdraws  the  projecting  « 
the  trigger,  and  relieves  the  lower  sling  of  the  kite,  whioh  U,  o 
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rises  to  the  surface  and  trails  astern  with  ridge  uppermost.  Tbn 
moment  of  striking  is  indicated  on  board  by  the  sadden  Umb  of 
tension  of  the  wire  sounding  a  gong  attached  to  the  drum.  While  in 
action  the  vibration  of  the  towing  wire  causes  a  continuous  rattle  in 
a  sounding  box  and  the  censation  of  this  noise  gives  an  additiooal 
indication  that  the  **  sentry  "  has  struck  bottom. 

Two  kinds  of  kites  only  are  issued  with  the  machine,  the  oq» 
(ordinarily  used)  painte<l  black,  for  depths  down  to  30  fathoms ;  the 
other,  painted  red,  set  at  a  deeper  angle  and  specially  designed  for 
use  at  depths  between  .30  and  45  fathoms. 

Although  the  primary  object  of  the  apparatus  ia  to  act  as  an 
under-water  sentry,  trailing  for  any  length  of  time  at  a  set  depth,  it 
may  be  advantageously  used  to  take  single  soundings  up  to  45 
fathoms,  while  the  ship  is  under  weigh.  To  do  this  set  or  cock  the 
striker  by  connecting  the  trigger  and  sluig,  put  the  kite  over  th» 
fair-lead,  and  pay  out  slowly  with  a  hand  on  the  brake.  The  goog 
will  sound  the  instant  the  bottom  is  touched  and  the  Tertical  depth 
read  off  on  the  dial  without  waiting  to  haul  in. 

For  full  description  and  explanation  of  principle,  see  Lecture  by 
Professor  C,  J.  LamheH  M.A.,  at  the  Royal  UnUed  Service  iHstitvtkmt 
Juno  3rd  1S91  ;  Journal ,  To/,  xxxv.,  No.  161.  [James*  Syndicate 
JJmitcd,  Offices  18  Billiter  Street,  London,  E.C.] 

Summer  Solstice. — With  reference  to  the  northern  hemi- 
sphon^  the  summer  solstice  is  that  period  of  the  year  when  the  son 
attains  his  greatest  northern  declination — about  June  2l8t.-^ 

Solstices. 


Sumner's  MetbOd.— The  methnd  of  fiuJing  n  aliip's  pusitii 
I  sea  by  the   [irojpction  of  tlie   "line  of  ei|UKl  alUluile " 
Meroftlor'B  chart  ia  named  ofler  Coptnin  Tliomna  fl.  Sumner.  U.S.N.  ] 

At  nny  moiDeiit  Uie  inn  is  pasHing  tliroiigh  the  zenith  of  ac 
pUcB  on  the  earlli's  aurfuce.     If  with  c  radius  of  any  magnitude  if 
(IflHcrilie  ■  circle  round  the  point  in  queation,  all  plncee  situated  ti]iua'a 

I  circle  will  at  the  given  instant  have  n  zenith  distance  equal  t«l 
niitiim  osaUTued.     When   thecefare   wa  obtain  the  a 

Aoca  Ly  observiLtion  of   the  altitude,   the  infarmation  derived  il 
this — that  the  ahip'n  place  lie*  upon  a  oortain  circle,  to  which  tl 

M  of  Parallfl  oj  E'laaX  Altitude  vras  aaaigned  by  Captain  Sutnuoi^ 
»nd  which  has  also   been  called  a   Circle  ov  Panttlti  ■>/  F<i*i 
Ajid   if  after  ivaiting  tiU  the  aim'a  bearing  haa  changed  by  auuian 
poiata  »  second  obtcrvation  be  made,   we  deduce  another  eirule  »&■ 
which  alio  the  place  of  the   ship  is  situated.     The  interaoctinn  Am 
tbeae  two  circles  gives  the  placeof  the  ship.  There  will  of  ooarse  lie  l^ 
n)oh  points  of  intersection,  but  the  DR  position  of  the  ahip  will  li 
■  which  is  the  one  rerjiiired.     The  pair  of  circles  nuty  also  bo  tboi 
-oorreaponiliug  to  the  altiludea  of  nuy  two  bodies  observ 

le  lime:  and   two  bright  stars  taken  at  twilight  are  ver?  ueefot'l 
fu  ti»  purpose. 

Tbia  ia  the  general  principle  of  Sumuer'a  method  of  finding  It 
Mition.  The  place  of  the  ship  ia  determined  by  the  interaectio 
■TO  circlea,  Tn  practice  we  cannot  actually  describe  the  oirulex  ' 
the  Mercotor'a  Chart,  so  we  reiiort  to  the  followini;  artiGcea. 

I.    The  Chord  MeO,fA. 

Having  taken  an  altitude  we  aaiume  two  latitudes,  one  alxint  JO'S 
gTHUr,  and  one  about  10'  less  than  the  DR  latitude  :  and  determiuA-^ 

B^httym  the  toq^tmift  oonMponding  to  larifci  'bm^ 


■Mygy^ 


■  % 
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the  parallels  of  latitude  uiude  use  of  the  positions  indicated  by  these 
longitudes.  These  two  (Kiints  will  each  lie  upon  the  circle  of  equal 
^itudes  upon  which  the  ship  is  situated.  And  by  joining  the 
two  points  we  obtain  a  line  called  appropriately  a  line  of  positioH, 
which  is  assuineil  to  coincide  practically  with  the  arc  of  the  circle  of 
equal  altitude.  By  ti'eating  the  second  observation  in  the  same 
manner  we  arrive  at  another  line  of  position,  the  intersection  of 
which  with  the  first  line  will  determine  the  position  of  the  ship. 

For  this  reason,  the  name  of  Astronomical  Cross  Bearings  is 
sometimes  applied  to  the  Sumner  Method ;  and,  as  with  the 
terrestrial  cross  bearings,  the  angle  of  intersection  should  be  as  nearly 
a  right  angle  as  possible. 

The  following  example,  with  figure,  will  afford  an  illustration  of 
the  Cliord  Metliod. 

In  latitude  by  account  53**  13'  N.,  an<l  longitude  by  account  o'W. 
the  following  results  were  obtained  from  two  altitudes  of  the  sun. 

First  Altitude,  Seccml  Altitude. 

i^t.  :vr  N.,  Long.  4^  50'  W.        Lat.  53'*  N.,     Long.  5"  20'  W. 

I^it.  i^Z'  30'  N.,  Long.  5"  2'  \V.     Liit.  53"  30'  N.,  Long.  4*  43'  W. 
The  tigure  is  here  drawn,  for  convenience,  on  a  somewhat  small  scale: 
in  practice  a  larger  scale  of  chart     g-iv  ..  _,  f'l^ 


used  is  desirable.  "" 

On  t!ie  parallel  of  53*  N.  we 
mai  k  off  the  point  A  corresiK>nd- 
ing  to  long.  4'  60'  W.  :  on  that 
of  53"  30'  N.  we  mark  off  A»  - 
conespouding  to  5"*  2'  W.,  and 
joiii  the  two  pomU\iy  t\i^\\\\^  ^l^'^ 


53'  sojsr 


53' If 


4'38'W 


Repeating  ilio  op«nition  with  llie  longitude  5°  20'  W.  we  obtain  B 
an  the  pcirallel  of  53°  N..  »nil  with  longitnde  4°  iS'  W.  a  point  B'  on 
the  parallel  of  M*  30'  N.  atiil  joining  theae  two  points  we  have  k 
MCond  l.ne  BD'  ;  the  interBection  of  which  with  the  firal  line  givM 
the  poin  t  P  in  liLt.  53"  1 U' N. ,  and  long.  4°  58' W. ,  as  tlie  place  of  the  ship. 

2.    Tht  TanyfiU  Mrlh.,,1. 

In  the  previous  cnio  it  wm  asaunied  Ihsl  the  chord  Joiniog 
pointa  taken  fuirly  close  togKther  upon  a  circle  coincides  with  the  aw. 
The  method  al«>ut  to  Ite  dtiscribad  is  linaed  npon  the  auumption  thafc 
(or  a  abort  distance  tbe  tangent  drawn  through  a  point  taken 
(be  circumtetciice  of  a  circle  will  eoinciile  very  nearly  with  the  are  ofl 
the  oircle.     We  proceed  u  follows — 

The  point  assumed,  thi'ongh  which  the  tangent  wilt  be  drawn,  is 
that  indicated  by  tlie  DR  latitude  and  longitude  of  tbe  ship.  If  tba 
body  is  iienr  the  Prirae  Vertical,  witb  tbe  nsaiimed  latitude  we 
csJculata  the  longitude,  and  mark  on  the  i^liart  tbe  position  obtained. 
Bnt  if  the  Iwdy  is  near  tliu  Meriilian.  instead  of  working  a  longitud* 
by  chrononieter  with  tbe  assumed  latitude,  we,  for  tbe  time  betn^ 
coniidet  the  lungitude  correct,  and  by  an  ax-meridian  method  find 
Uia  latitude  corresponding  to  tbe  given  altitnde  and  hour  angle, 
BMrkiug  tbe  point  obtained  upon  the  meridian  assumed.  And  sine* 
our  cirule  of  position  has  tbe  sun  for  its  centre,  the  direction  of  th« 
tangent  will  be  at  right  angles  to  tbe  line  of  bearing  of  tbe  body, 
whidi  uiay  be  obtained  either  by  calculation,  or,  when  poMibls,  by 
the  Burdwood  and  Davis  Tables.  For  instance  if  the  sun  bean 
B.8.E,,  tbe  line  of  position  will  run  N.N.E.  and  S.S.W.,  and  bo  on. 
Tlia  following  example  illustrates  the  praulice  of  tlie  tangeat 
MMhcd— 


I 
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In  latitude  by  account  53°  N.,  longitude  by  accoont  5*  W.,  the 
bearing  of  the  sun  being  N.  76"  £.,  the  longitude  was  found  from  aa 
observed  altitude  to  be  S"*  10"  W.  Later  in  the  forenoon,  workingwith 
longitude  5*  \V.,  a  second  altitude  reduced  to  the  meridian  gave  lati- 
tudeSd"  2(y  N  ;  the  sun's  bearing,  as  taken  from  Tables,  being  S. 5*  & 

The  first  observation  gives  a 

position  line  N.   14°  W.  which 


63rS0N 


A  5' 


5S'N. 


rw 


accordingly  is  drawn  through  the 

point  A  (lat.  53°  N.,  long.  5°  K^ 

W.).      The    second  observation 

has  its  position  line  S.  85°  W.,    ^'^■ 

which  drawn  through  the  point  B  (lat.  53°  W  long.  5'  W.)  cuts  the 

first  line  at  P  in  lat.  53°  19*  N.,  long.  5°  1%  W.,  which  is  the  position 

of  the  ship  required. 

In  the  observations  hitherto  worked,  it  has  been  assumed  that  no 
change  has  taken  place  in  the  ship's  position  between  the  observations. 
When  however  such  change  has  taken  place,  the  first  line  of  position  will 
have  to  be  adjusted  so  as  to  take  the  "  Bun  "  into  account. 

The  correction  is  made  as  follows — Taking 
any  point,  at  S,  in  the  first  line  of  position, 
AA'  lay  oflf  a  line  SR,  to  represent  the  "  Run  " 
in  magnitude  and  direction.  Through  the 
extremity  of  this  line  draw  a  straight  line,  aa\ 
parallel  to  A  A'  and  this  will  be  the  corrected 
line  of  position  required.  The  intersection  of 
aa'  with  the  second  line  of  position,  BB',  will 
give  the  correct  position  of  the  ship  S'. 

One  of  the  moat  ita^Ttant  and  generally 
useful  appUcationa  ol  tVi^  ^\3ccMi«t  ^x^ys^A^Nak 


wban  in  the  viciuiCy  of  land.  Though  the  abaolule  position 
■hip  m&y  be  undeliermined,  one  line  of  wilial  &Hitilile  may  serve  tol 
give  iier  (liaUnce  from  the  ahare.  when  the  coast  trentU  parallel  tofl 
thia  line.  Whe  approacliiiig  the  hnd,  the  sliip'a  place  nmy  be  foui 
by  cambining  this  one  lioe  of  ei|ual  altitudes  either  with  wiundiofti  ocM 
with  the  line  of  bearing  o!  aome  point  given  in  puaition,  aa  teril 
in>t(U3ce  a  light-huuie. 

Aa  an  example  oE  the  former  may  be  cited  one  of  special 
Commander  Sullivan  on  entering  the  River  Plate  fonnil   p 
equal  altitude,  and  identified  tbe  ship's  position  ou  it  in  12  fathomi 
by  menns  of  the  chart. 

In  the  latter  case,  tbe  lantern  of  a  li^ht-hause  may  bit  regarded  ■ 
Gorreagionditig  to  a  celestial  body  ;  and  the  circle  engraved  on  •  oiiaHil 
■hewing  the  boundary  which  limits  the  range  of  the  beacon-light  irj 
analogous  to  the  terminator  of  a  ayatem  of  circles  of  equal  altitude  fa 
(he  aun,  Where  the  light  appears  on  the  horizon,  the  ship  n 
•omewhere  nn  the  range* (circle  of  the  liglit  lioitse  and  tbe  point  whei* 
thia  u  intersected  by  the  circle  of  equal  altitudes  gives  the  potition 
of  the  ship,  liut  as  the  light  rises  its  bearing  w 
giv«  th«  second  line  of  position.  Tlie  following  example  will 
illliBtrate  Iho  metliod,  as  well  as  the  practical  application  of  tlie  B 

In  latitude  S3'  N.   an  J'jfiV 

obwrvation     taken    when 


ij'jojv— 


I     sun's     hearing    was   «'»'* 
N.  76*  E.  gave  longitude  5" 
Iff   W.       The   ship   tl.en 
ran  14  miles  N.   66°  W., 
when  the  Kish  light  K  [lat.   53°  21'  N.,  long,  5'  54'  W.)  came  into 
▼lew  hearing  due  West.      Bequired  tho  ship's  poaition.      Answer 


In  pnwUee,  the  chord  mrthod,  or  u  it  U  •ometime*  oUled  Um 
*' DoublaChronomeMi"  obiervatioa U Tirtualty  ohsoUMi.  To  yoA 
out  the  four  longitude*  t.nA  \a.y  off  the  neceuwy  line*  of  pontim 
wuuld  tftke  &s  much  time  u  to  work  a  "  Duubie  Altitude  "  propet, 
with  one  "  longitude  by  Chronometer,"  which  would  have  been  tlM 
•acient  nielliod  of  determining  the  pUce  of  the  ahip  with  the  saiiH 
AtltL.  And  it  should  be  remembered  that  the  processes  of  Sphtrieal 
Trigonometry  are  sbeolutely  rigorous  and  true;  whereua  tile  Sumiur 
^lethodsgive  nt  the  best  approximAtiona  only,  so  that  some  ckiitioBB 
liacesssry  in  dealing  with  them.  The  OMUinption,  fur  instance,  that 
the  ohoril  or  tnngent  coinci'lM  for  sliort  JistAuces  with  the  eircaoi- 
frrenoe  of  tho  circle  is  only  juitifi&lilo  >o  long  a»  the  rsiliiu  ii 
rcuonably  large.  'I'he  Sumner  process  therefore  ahould  lie  avoided 
wlien  the  alliliide  is  higher  tliau  60*.  And  there  is  another  nwllar 
ill  which  some  cautioo  is  necessary.  It  is  of  the  utmost  importaOM 
in  the  application  of  the  taiignit  mthod  that 

latitude  lights  should  be  workeil  for  latitude  : 
Longitude  sights  sliould  be  worked  for  longicuile. 
As  has  been  slrsady  poiuteil  out,  it  sn  ohservatlun  is  talceu  near  the 
Prime  Vertical,  we  must  assume  DR  latitude,  and  oslculale  longituds^ 
marking  our  position  on  the  parallel  :  if  near  the  meridian,  we  must 
assume  longitude  and  calculate  latitude,  marking  our  position  on  tha 
meridian.  Aud  by  a  huppy  coinpensntion.  when,  through  the  ,bodf 
diminishing  its  bearing  an  observed  altitude  loses  its  merita  M« 
longitude  ol nervation,  it  liei^umu  advanlageoiui  for  finding  latitil<l>; 
and  vice  verrA.  The  following  practical  nde  will  eiisble  us  to  deter- 
mine whether  an  object  U  suitably  situated  For  finding  latitude  by  Uu 
method  of  Reiluctioii  to  the  Meridian— Tlie  numlier  of  miuutoi  o( 
time  in  hour  angle  ahonld  not  1)8  gi-esl«r  than  the  number  of  degreae 


in  the  zenith  (list&nce.  In  eieeptional  eases,  near  the  eqnutor 
inrticnliirly,  it  may  Imppen,  bb  in  tlic  example  worked  out  to  illuatriita 
the  chord  methoil,  Uint  lioth  obaervationa  are  near  enough  t'lthvPrimft 
Vertical  to  be  wovked  out  for  longitude  ;  but  the  case  is  excepLiiiual, 
■nl  it  is  much  more  common  for  one  to  be  near  Uie  Fiiiiie 
ami  the  other  near  the  Meridian. 

A  variation  of  the  tangent  method  haa  been  propoaeil  by  certu 
Frencli  writers,  known  as  the  "New  Navigation."  In  the  " 
Kavigntion."  both  ktitiido  and  longitude  are  assuined  tor  the  tii 
be  uoiTect,  and  the  xenitli  distance  corresponding  to  the  ship  time  alll 
(he  moment  of  obsenation  is  ca1cu]nte(L  From  the  point  on  thsT^ 
Chart,  tndicate<I  by  the  assumed  latitude  and  longitude, 
drawn  directly  towards  or  from  the  place  of  the  body  as  marked  l^B 
its  true  bearing,  and  from  this  line  a  distance  is  cnt  off  equal  ti 
difference  between  the  olnerved  and  calculated  altitudee.  1'lie/i'ivq/fl 
poiiliun  ii  drawn  through  the  point  at  right  angles  to  the  line  vSW 
bearing  of  the  bwly.  I'his  method  however  seems  to  olTer  nr 
advantages,  and  in  this  country,  at  all  erents,  has  not  ct 
general  use,  thongh  interesting  from  an  academic  point  of  view.l 
When  made  use  of,  it  ahonhl  lie  confined  to  olwervalions 
Uaridian,  thus  taking  the  place  of  the  latitude  by  ex-meridii 

Captain  Suunifr  reduced  his  method  to  a  system,  and  published  (d 
at  Boston  in  1813,  under  the  title  of  "A  nna  ami  aecura/e  melhal  to 
findivij  a  ihi/''*  poi'i'on  iil  era  by  Piiyttllot  on  Mn'eitltir't  C/ioil,^ 
And  it  te  not  detracting  from  his  credit  or  from  the  pride  which  hln 
oounli'ymen  feel  that  "  thisdiscovery  haabecnmadebyaiiAmeriiik 
■hip-master,"  to  remark  that  the  principles  involveil  were  by  I 
means  novel,  and  were  practically  applied  by  others  imlepemle 
atxnlt  the  same  time  ;   for  example,  in  the  same  year  by  Coininui 


450  SWIKGIKG  THB  SHIP. 


Sullivan,  R.N.,  and  discussed  subsequently,  but  also  independently, 
by  J.  N.  Laverty,  Naval  Instructor,  R.N,  It  is  only,  howereit 
within  the  last  twenty  years  that  the  processes  have  been  put  into 
general  practice,  their  adoption  having  been  very  greatly  facilitt- 
ted  by  the  publication  of  the  Burdwood,  Davis  and  other  Azimuii 
Tables^  which  enable  the  navigator  to  obtain  a  heavenly  body's  Trie 
Ikaring  by  simple  inspection  instead  of  by  a  tedious  calculation.— 

See  under  Positions,  Parallels  of. 

Sun  (Sax.  mnna ;  Latin  analogue,  aol,  whence  aotor). —Th» 
vital  centre  of  that  group  of  heavenly  bodies  of  which  our  earth  is  % 
member.  Its  actual  diameter  is  about  109  times  that  of  the  earth,  or 
8CO,000  miles,  and  its  mean  distance  from  us  no  less  than  23,584 
times  the  length  of  the  earth's  radius,  or  about  93,300,000  miles.  The 
apparent  diameter  varies  from  3r  32"  (in  the  beginning  of  July)  to 
32'  3G'4'  (in  the  beginning  of  January),  and  the  horizontal  parallax  is 
8*70".  The  figures  here  given  are  from  Report  of  Astronomer  Royal 
on  Transit  of  Venus,  1874.  The  sun  is  the  most  important  body  for 
the  piu'po6e  of  celo-navigation ;  and  full  particulars  are  given 
respecting  it,  for  every  day  in  the  year,  in  the  **  Nautical  Almanac." 
Each  column  mu8tl:>e  thoroughly  understood.     Symbol  ©. 

Superior  (L.). — An  adjective  often  used  to  qualify  scientific 
terms,  indicating  **  alwve,"  "upper,"  "outer";  and  opposed  to 
Inferior,  which  indicates  "below,"  "lower,"  "inner."  Thus  we 
have  the  superior  tide  when  the  moon  is  above  the  horizon,  the 
wperior  culmination  of  a  circumpolar  star,  the  superior  planeU  whose 
orbits  are  external  to  that  of  the  earth,  and  the  superior  conjunction 
of  an  inferior  planet. 

"S'win£^£^  the  Ship." — An  operation  for  determining  the 
deviAtion  of  the  compass  on  board  ship.  There  are  two  principal 
methods  of  conducting  it. 
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t.       1.  The  magnotio  bearing  of  ■  couvenieiitly  distant  object  being 

eetenniueil,  the  sliip  is  caratuUy  swung  to  each  point  of  the  compaas, 
nd  on  each  tlie  bearing  of  tlie  object  ia  noted.  Tlie  difference 
ifcetween  the  niaguetic  and  the  observeil  bearing  will  bo  the  deviation 
ior  eicL  point. 


a  Diftgnetic  bearing  of  tbe  object  is  found ;  (a)  By  taking  th« 
of  those  observed  beu'inga  that  are  on  equidiat»nt  points,  the 
■Sect*  of  deviatiliu  being  thus  eliminated  ;  or  (i)  By  carrying  the 
■tuidard  composB  on  shore  to  some  place  (free  from  "local  attraction") 
where  tbe  distnnt  objoot  nod  the  position  of  the  compiue  on  board 
JLre  exactly  in  the  same  lino  with  the  observer's  eye.  This  is 
Bvidently  tba  same  as  the  magnetic  bearing  of  tbe  object  from  the 
ihip. 

Tbe  object  selected  should  bo  at  such  a  distance  that  tbe  diameter 
of  the  space  through  which  the  compass  revnlvos  in  swinging  make* 
BO  snuible  difference  in  the  bearing. 

S.  A  more  reliable  method  ("  Reciprocal  Bearings  ")  is  to  call  in 
the  aid  of  a  tecoud  compass,  placed  on  shore,  bcyoud  the  inSuence  of 
Hie  iron  oo  hoard  the  ship.  The  two  compasses  slioiild  bo  compared 
by  taking  the  bearing  of  a,  distant  object  with  each  of  them  on  shore. 
Ihe  shore  compass  should  not  be  fnrther  off  from  the  ship  than  ia 
consistent  with  distinct  visibility,  with  the  naked  eye,  of  both 
tompasses  from  each  other.  As  tbe  ship's  head  is  tben  succeasiTely 
brongbt  to  each  point  of  the  compass,  as  indicated  by  the  compass  on 
board,  an  observer  on  shore  takes  tlie  bearing  of  the  compass  in  the 
Umutcle,  and  a  person  on  board  simultaneously  (the  instant  being 
tnown  by  concerted  signal)  takes  the  bearing  of  the  compass  on 
faon  (indiokted  by   a  flagstaff).      Each   bearing  observed  from  the 


I 
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■hip  ifl  afterwards  compared  with  the  opposite  of  the  corresponding 
bearing  from  the  shore,  and  the  result  is  a  table  of  deviations  for 
every  direction  of  the  ship's  head.  If  during  the  operation  a  hsie 
obscures  the  shore-compass,  while  the  sun  at  the  time  is  shining 
brightly,  a  number  of  points  may  be  secured  by  time-azimuths,  wfaidi 
otherwise  might  be  lost. 

Time-azimuths  are  alfio  advantageous  when  the  second  of  the 
above  methods  cannot  be  usad  for  want  of  an  assistant  observer  for 
the  shore-compass  ;  and  when  the  first  of  the  above  methods  is  nol 
available  owing  to  the  length  of  the  ship  and  the  scope  o! 
moorings,  combined  with  the  mobt  distant  objects  in  sight 
not  being  sufficiently  far  off  to  render  the  difference  of  their 
bearings  insensible  as  the  ship  swings  round  to  the  tides.  In  sacfa 
cases  (io<lf ray's  AzimiUfi  Diagram  will  be  found  very  useful. 

Syzygry  (^^'  <r^^^<'^t  ***  yoking  together";  from  aw-, 
**  together,"  iVyAK,  **  a  yoke  "). — The  position  of  the  sun,  earth,  and 
other  moving  iKnlies,  when  their  projections  on  the  plane  of  the 
ecliptic  are  in  one  line.  By  the  syzyyies  of  a  planet  or  of  the  moon 
are  meant  those  points  of  its  orbit  at  which  the  body  is  in  oonjunctioii 
or  opposition  with  the  sun  ;  the  two  points  when  the  body  appean 
90"  from  the  sun  l)eiug  distinguished  as  the  qufulrfUuret.  "The 
moon  in  syzygy  **  expresses  the  position  botli  of  conjunction  and 
opposition,  the  time  both  of  new  and  full  moon ;  and  the  term, 
consequently,  is  a  very  handy  and  appropriate  one  in  speaking  of 
the  tides. 

Syzygy  Tide. — The  tide  which  takes  place  on  the  aftemooo 
of  the  day  the  sun  and  moon  are  in  syzygy :  if  the  Sjrzygy  takei 
place  when  t  he  sun  or  moon  is  on  the  meridian,  the  tide  is  parties- 
iarized  as  the  Meridional  Sytijgy  yVc/e.— See  under  Tide. 


t.— Of  the  letter*  nwd  to  register  tlie  ntiile  uf  tlie  weutlier  in  the 
log-book,  t  iiiilt(-a[«a  "  Thuiultr," 

TanruB,  Constellation  of  (L.  "The  Bull"),— The lecond 

<!<in«tellati'Hi  of  tlie  ancient  /oiliac,  lying  l»lween  Ariee  anil  GemiiiL 
ThU  group  ii  euily  iileiitifted  in  the  lieavenn,  u  it  uontaiua  the  two 
tMftUtiful  little  cluBtera  of  miniita  atari  Lslled  th:  Iltjadt*  and  the 
PltHutu  ;  and  ill  the  former  a  nitUBted  the  bright  mdily  stMr  a  7'auri 
MBied  >I»>  Ald-^r-m.  A  liua  joining  AtdeUtrnn  ami  Siriui  it 
Uaected  by  the  middle  itnr  of  Oriuu'sltelt.  a  Tnuii,  Mag.  l.V; 
N.A.18M,  H.A.il'M"!,  l<eo.  +16°  18',  jS  r««r,',  called  «I«)  AW/.,  i« 
HMr  the  hiBectioii  of  the  line  joining  IJrltlg-i'iittuiA  CtijirUit  ;  Mag,  1.9 
N.A.  18!>G:  R.A.  Bh  2(hn ,   Due,  +-28'3r, 

Taurus,  Sign  of— The  Mi'oud  division  of  the  ecliptic, 
including  from  30*  to  00'  of  loiigitiKte.  Owing  to  the  preceuion  oi 
the  equiooxei,  the  eutt»ttiluliu»  Taurns  in  nu  lunger  in  th«  ngn  ot 
that  uaiDC,  the  conitellation  Aries  having  taken  ita  place.  The  luti 
ii  in  'raiinii  from  ainut  April  20th  toalraut  May  2lat.     Symbol  e 

Temperate  Zones  [L.  Umperalvt.  ■' moderate"). — The  two 
lonea  of  llie  eiirtli  iiicliKleil  between  «a«h  tropia  and  tlie  adjaMut 
polar  cirule,  or  pnriillvli  of  lalitiide  of  about  23*  '2T  and  66°  33'  nurtb 
«ad  aoutb.  In  tlieae  lonea  tliu  sun  never  apjwars  vertical,  but  la 
evary  "liiirnal  rovidijtion  lie  riat'sund  sots;  hence  their  teinpurMurt 
i>  in  a  geaeral  way  inl«rnieiliate  between  tliat  »f  the  Torrid  • 
that  of  the  Frigid  Zones,  and  tliey  thua  deri*B  the  name  Uy  wUJolvJ 
they  ar*  cominnnly  distingiiiahed. — See  8!cmefl. 
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Terminator. — The  surface  of  the  earth  regarded  with  reference  * 
to  its  illumination  by  the  sun  is  divided  for  any  one  instant  into  two 
parts,  one  enlightened  and  the  other  in  shade.  The  corrections  for 
parallax,  refraction,  and  semidiameter  being  made,  these  porticDB 
are  hemispheres,  and  they  are  are  divided  from  each  other  by  a  grest 
circle.  This  great  circle  is  called  by  older  writers,  such  as  Robertson, 
the  TcrminataTf  from  its  property  of  "terminating"  or  bounding 
the  verges  of  light  and  darkness.  This  term  has  the  advantage  of 
brevity  as  well  as  of  analogy  to  the  word  equator.  By  most  modern 
witers  the  name  given  to  it  is  The  Circle  of  [Uumhuition ;  a  term 
descriptive  and  appropriate,  but  rather  cumbersome.  The  word 
**  Terminator "  has  also  the  advantage  over  the  other  of  being 
capable  of  extension  to  a  star,  if  it  is  defineil  as  the  boundary  of  the 
hemisplieres  in  one  of  which  at  any  moment  tlie  body  is  visible  and 

in  tlie  other  invisible.— See  Position,  Parallels  of. 

Terrestrial  (L.  terrtatrhy  from  Urra^  "the  earth  "). — Pertaining 
to  the  earth  ;  opposed  to  CeUatiaL  Thus  we  have  the  "  Terrestrial 
Meridian"  of  an  observer,  and  the  "Terrestrial  Horizon,"  as 
distinguished  from  the  "  Celestial  Meridian "  and  the  "  Celestial 
Horizon";  again,  we  have  the  "Terrestrial  Equator"  and  the 
** Celestial  Equator,"  "Terrestrial  Longitude  and  Latitude"  and 
"  Celestial  Longitude  and  Latitude." — See  under  each  term  qualified. 

Theodolite  (coined  from  Gk.  ^edo^cu,  " I  survey  "  56\ot„  "a 
stratagem  "). — The  most  important  instrument  used  by  surveyors. 
It  is  an  altitude  and  azimuth  instrument,  and  by  the  combination  of 
the  means  of  measuring  simultaneously  vertical  and  horizontal 
angles,  it  gives  at  once  the  angular  distances  between  objects  pro- 
jected on  the  plane  of  the  horizon.  There  are  two  essential  parts 
of  the  theodoUte ;— 


1.    The  horizontal  litiili  uoiiiiiatmjj  of  two  circular  plntes  fitting   J 
Accuntely  and  turuiog  freely  upon  one  anotlier  round  a  vertioal  axi*; 
the  edge  of  the  lower  disc  is  graduated   with  the  diviaiona  of  tba   I 
circle,  uid  the  upper  one  has  chamfered  portioim  of  ita  arc  formwl   j 


2.  The  vertical  limb,  generally  a  semicircle,  carrying  above  ita  I 
diameter  the  observing  teleacope,  worlca  upon  a  borixonlst  mia 
which  is  supported  upon  a.  frame  embedded  in  the  vernier  plate  and 
turns  with  it  in  azimnth.  The  seuucircle  is  graduated  on  one  side 
from  0*  to  90*  each  way,  and  on  the  other  side  there  is  a  given  scale 
for  reducing  the  distances  int'aaured  along  the  ground  at  variotw 
davatioas  and  depresaious,  to  the  correspoDding  dUtancei  projected  i 
on  the  horizon.  J 


The  stand,  levels,  compoas,  tcletjcopea,  and  other  necessary  fittinga 
would  retfuire  lengthened  description.  For  this  and  for  tlie  difTerent 
Adjustments  we  must  refer  to  special  books  on  the 
"Mathematical  Instruments,"  by  J.  F.  Heather  (Crosby,  Lockwood 
•ndCo.). 

Thermometer  (Gk,  eipnii,  "hot";  furpttr,  "to measure").  ] 
-An  instrument  by  means  o(  which  temperature  is  measured.     Th«  ^ 
principle  upon  which  its  construction  depends  is,  that  within  ce 
liiniti  bodies  enpaud  or  contract  with  the  increase  or  decreaae  of  Iha  | 
degree  of  temperature  to  wbioh  they  are  eubject.      ' 
thermometer  consists  of  a.  closed  gloss  tuba  with  a  capillary  oi 

bore,  tarminatiiig  in  a  bulb  at  one  end  ;  the  butb  and  part  of  Cha  ' 
tiibe  contain  mercnry  or  colored  spirits  of  wine,  the  part  of  the  tuba 
M  occnpiad  being  a  vacuum.      A  graduated  icala  is  attached  U 
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the  tube  to  indicate  the  expansion  of  the  mercury  or  alcohol,  which 
expansion  is  considered  to  be  proportional  to  the  degree  of  heat  by 
which  the  instrument  is  influenced.  The  thermometer  generally 
used  in  England  is  called  after  FaJn-enheit  of  Amsterdam,  who  fint 
constructed  mercurial  thennonietera.  His  inferior  limit  of  temper- 
ature was  an  intense  degree  of  cold,  produced  by  a  mixture  of  snow 
and  sea-salt,  and  which,  as  if  it  wer6  the  greatest  degree  of  cold 
possible,  he  marked  as  the  zero  of  his  scale ;  his  superior  limit  was 
the  boiling  point  of  mercury,  which  he  marked  600^.  On  this  scale 
the  freezing  point  of  water  is  32**  and  the  boiling  point  of  water 
(under  a  certain  atmospheric  pressure)  is  212°.  In  the  thermometer 
constructed  by  R6aumur  with  spirits  of  wine,  the  freezing  point  of 
water  is  the  inferior  limit,  marked  0*,  and  the  boiling  point  of  water 
(under  a  certain  atmospheric  pressure)  the  superior  limit,  which  is 
marked  80**.  A  much  more  convenient  scale  is  the  CentUjradt^ 
invented  by  Celsius,  a  Swede.  The  two  limits  are  the  same  as 
Reaumur's  thermometer,  **the  freezing  point  "being  obtained  by 
immersing  the  instrument  in  melting  snow  ;  and  **  the  boiling  point" 
by  exposing  it  to  the  steam  of  water  boiling  under  a  given 
atmospheric  pressure  ;  the  freezing  point  is  marked  (f  and  the 
boiling  point  100",  the  intermediate  space  being  divided  into  a 
hundred  equal  parts. 


To  c(ym})art  tfie  indicaUons  of  a  Fahrenheit,  Biaumur,  and  CenA- 

grade    tJiermometer.  —Under  the  same  circumstanoes    let  the  three 

thermometers  indicate  respectively  F%  R%  and  C*.      Then,  F  — 32* 

is  the  number  oi  deg):eea  of  Fahrenheit  above  the  freezing  point,  and 
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(aiuce  212^— 3*2*  =  180*)  a  degree  Fahrenheit  measures  the  yiifth  part 
of  the  distance  between  the  freezing  and  boiling  point,  also  a  degree 
Reaumur  measures  tlie  Vv  ^1>  V^^^t  <^nd  a  degree  Centigrade  the  y^  th 
part  of  the  same  distance. 

.   F-32         R        C 


•  •   * 

180          80        100 

F-32 
9 

R  .     F-32        C 
4    '        9            6    ' 

R        C 
4         5 

Hence 


fonnulse  by  means  of  which  we  can  deduce  the  reading  of  one  scale 
from  that  of  another, 

It  may  be  noted  that  the  three  scales  are  connected  by  the 
equation 

F  =  C  +  R  +  32^ 

An  expression  wliich  is  especially  worth  remembering  in  view  of  the 
fact  that  on  tlie  continent  many  thermometers  have  the  Reaumur  scale 
upon  one  side  of  the  tube,  and  the  Centigrade  upon  the  other. 

Three-Point  Problem.— -In  a  marine  survey,  to  determine 
the  position  of  a  station,  S,  from  which  have  been  observed  the  angles 
subtended  by  two  pairs,  R  and  C,  L  and  C,  of  three  known  objects 
R,  C,  L,  the  object  C  being  between  the  right  one  R  and  left  one  L, 
Tliere  are  two  methods  of  solution  of  this  problem:  (1)  the  **  Two 
Circle  Method,''  and  (2)  the  "  Straight  Line  and  Circle  Method,"  They 
both  depend  on  £uclid  ill.  21. 


*rn 
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Join  H  and  C,  C  lunl  L  ;  on  the  liuea  R  C,  C  L,  descrU«  (egiuMl* 
of  circles  coutsining  Miglea  rospecUvelj 
equni  to  thOM  Bubtcnded  st  S  b;  R 
knd  C  inil  by  C  an-1  L.  (Bui:,  iii,  33). 
The  BBgrneiiW  will  intersect  Kt.  the 
required  slation  S, 

(2)  Joining  the  two  extreme  objeoUi 
R  and  L,  moke  the  tLnglea  RLT,  LRT 
reipectively  equal  to  the  nnglet  sub- 
l«tided  at  S  by  K  and  C,  tind  by  C  and 
L.  About  the  triangle  RTL  i1es«rib« 
a  circle  (Euc.  v.  S) ;  join  TC,  Mid 
produce  TC  till  it  cat«  tlijs  circle.  The 
point  of  iutenieeliou  will  be  the 
required  ibitioii  S. 

The  gsucral  principle  which  »hoiild  govern  the  sclcctiou  of  ik 
objects  to  1>a  observed  ia  th&t  tlie  cutting  arcs  of  the  segmenu,  tbon 
deftcnbed,  sliould  iatereect  as  nearly  as  poBtihIe  sb  right  angles  [  tbs 
centres  of  the  two  circlea  being  some  distance  apart.  The  two 
obtervEd  angles,  therefore,  should  each  bo  near  90',  %nA  no  angle  iM 
than  a  tliii-d  of  this  Bbtiuld  lie  admitted  anteu  the  cenUml  obiMtli 
vary  distant  compared  with  the  other  two. 


To  obviate  the  long  proceM  of  protraottng,  oa  imtnunvnl  hM 
been  invented  by  the  help  of  which  the  Italian  of  the  observer  at  It*    , 
tiro  angles  may  be  expeditiously  fixed ;  or  this  may  be  aecompliahed,    | 
in   A  simple   manner,  wVv'h  \.\\c  u^  o^  is.  ^tece  of  tnciiig  paper. 

Station  Pointer- 
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TldeB  (Sitx,  liiian,  "to  liappen"  ;  from  rid,  "time"). — Semi- 
iurnal  oacillatioiiB  of  tliB  oceiin  ocensioned  by  Ihe  combinBd  Mi 
the  aon  uid  moon.  The  relative  efTects  of  theao  two  boi) 
dircctl;  M  their  tnata,  and  iiiveraely  as  the  square  of  their  diatUDce  g  <| 
snd  tlie  moon,  ftlthoiigli  very  siiiall  in  compariaun  with  th«  sun 
mach  iienrer  tlint  she  exeriB  by  far  the  greater  influence 
phenomena  of  tlie  tides.      ^Ve  niiiy  consider  their  action  itpnratuly,    I 

The  iittractiou  of  the  inoon  on  dilTorent  parts  of  the  earth  ia  lea 
«J  the  distance  is  greater,  and  thus  it  iufluencea  Ule  pnrt«  of  th«  I 
ocean  ueaitiit  to  her  mora  powarfuUy  than  the  body  of  the  eartli,  ai 
Ulis  aguiu  more  powerfully  than  Ilie  iraterH  moat  remote.  T 
piirti«lca  of  water  under  the  moon  have  a  tendency  to  leave  the  earth,  J 
bat  ue  retaiued  liy  the  HUperior  attraction  of  the  eartli ;  u^nin,  th*! 
moou  attracts  the  centre  of  gravity  of  tiie  earth  more  iiowerfollyl 
than  ahe  alttacis  tlie  particles  of  water  in  the  hemisphere  opposite  to  S 
her,  ao  tliat  the  earth  hna  a  teudency  to  leave  these  waters,  which  1 
*re  retained,  however,  by  the  superior  attraction  of  Uie  earth. 
«ffBet  of  (Ilia  diilerencu  of  the  attractionB  on  the  supoctiuial  wat 
opposite  sides.  nn<l  on  the  central  maiu, gives  two  risings  of  tlie  water— •  I 
the  one  veitienlly  below  the  moon,  and  the  other  diotnctrieally-l 
opposite  to  tbi^  place.  It  the  earth  were  entirely  covered  with  aal 
ocean,  the  watcis  would  thus  asaiime  the  form  of  a  spheroid,  liaving^jl 
if  the  earth  bad  do  rotation,  its  longer  axis  directed  towards  thftl 
and  its  shorter  axis  at  right  angles  to  that  direction.  As  thvl 
in  her  apparent  dinrnat  motion  looks  down  sncccssively  upon  I 
neridiau,  the  protuberance  of  the  ocean  followa  its  motion  from  9 
)  west  ;  but,  by  reason  of  the  inertia  of  the  water,  this  oc 
leridian  obout  30"  to  the  ensl  of  the  moon.  'I  his  groat  w 
following  all   the  motions  of  the  moon,  i.^i  modified  by  the  actiou  of  4 


wilh  ca 
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tlie  *uii.  Tlie  lun  raiiei  a  simikr  but  mtich  ninUIer  vbts,  wbkb 
tends  M  follow  hiB  motions.  >ni)  which  consxiueiitlj  ftt  ti 
with  the  lunar  wave,  and  al  other  tim««  oppmei  it,  acconiiiig  tt 
relative  poailion  of  the  two  bodica.  It  must  lie  pul.iculu'lf  mUd 
Uiat  the  bodJea  do  not  dmr  After  tham  the  trater  fint  ikited,  bri 
continually  tend  to  raise  tliM  under  Ihem  ftt  the  time.  Tbe  tida  I* 
n<it  B  circulating  cvrrrxi,  hut  an  immensely  broad  and  excorairdf  bt 
tmiK,  which  is  propagated  by  tba  tran&ita  of  the  diaturliing  bncly. 
Ab  this  wavs  strikes  our  coast  the  water  gradually  elevate*  iwell  ta 
a  certain  heiglit,  then  as  gradually  sinki)  Ui  alionl  the  s>ine  eiWol 
^B  mean  level ;  and  this  oacillaUon  ts  continued  hiuMuieI]', 
rlain  variations  in  llie  height  and  in  the  timea  ol  ktlAJnlog 
the  maxima  of  elevation  and  depression.  Consideritig  the  tidgs 
relatively  to  the  whole  earth  and  open  seu,  on  the  mendiao  aboot 
."W  Us  the  east  of  the  moon  there  is  higb-watar,  on  the  wmi  of  lU 
circle  tlio  tide  is  flowing,  on  the  east  it  is  ebbing,  and  on  every  pBrt 
of  the  meridian  at  90°  disl^nt  it  is  low-water. 

Tides,  Neap  {Sax.  vmjlf,   "scnrcity"),— The  smallest  tlilot 
being  the  result  of  the  action  of  tlie  moon  and  sun  when  they  on 
conflicting.     They  toke  place  after  the  moon  is  in  qui 
uft«r  tlie  first  and  third  quarter  of  the  moon.     The  rmaUrtt  m 
llnppeD  when  the  moon'a  and  sun's  attractions  t«nd  mo 
Oct  each  other,  which  will  happen  when  the  moon's  action  ia  tl 
possible  and  the  sun's  the  greatest  possible.     This  will  evidell 
(1)  When  the  moon  is  in  apogee  and  the  earth  in  perihelio 
tliB  same  time  ;  or,  in  other  words  (as  the  parallax  of  a  body  it 
its  proximity  to  the  eaiili),  when  the  moon's  parallax  is  lh«S 
while  the  suu's  « llte  VKatest ;  (9)   When  the  tnoon'a  decUtiation  M 
the  Utilude  oi  tVo  'e\ai(«  MttAS'fflftteo.Miw&ei.MAMwiiecliiifttW  | 
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tfae  griatcBt  possible,  at  the  same  time  that  the  aiiu'i  dculination 
coincides  or  a]i[iroximAtes  U>  the  latitude  <i[  tlie  ploca,  l-oth  being 
DOrlh  or  toutli ;  or,  !□  utlinr  words,  wbeii  the  moon'n  meridian 
altitude  i>  llie  least  possible  and  the  Buii'a  the  greateat,  the  action 
beiug  the  more  powerful  in  proporliou  as  the  ijody  is  mine  nearly 
¥ertical.  The  magnitude  of  the  tide  it  also  affected  by  atrong  winds 
and  the  state  of  tlie  atmotiphere.  The  action  of  tlie  former  ia  moat 
aoiiapiououB  in  rivers  aiid  narrow  aeaa  ;  and  of  tlie  latter  it  haa  baan 
obtBrred  that  a  rise  in  the  barometer  of  an  incli  has  been  accompanied 
by  ft  deprcMioii  in  the  water  of  the  tido  of  twelve  or  fourteen  inchei, 

Tldea,  Spring  [Sax.  tpriagan,  "to  grow,"  "bulge "). -Th» 
peateit  tides  lieiiig  tlie  result  of  the  action  of  the  moon  and  sun  whan 
Umj  are  co-oporuting.  tliey  take  place  after  the  moon  is  in  syrygj — 
tt,  in  conjuDctiuii  and  opposition,  when  it  is  new  and  full  inooii. 
The  grtiili*l  $]irx4iy-tUlcs  happen  when  the  moon  and  sun  ure  in  such 
poaitiona  that  their  attractiona  produce  the  greatest  effect  upon  the 
watara,  especially  when  these  poaitioos  are  sontemporanmua,  I'hesa 
M»— {!)  When  the  moon  ia  in  perigee;  when  tlie  earth  is  in 
perilielion.  lu  other  wordi  (as  the  parallax  of  a  body  indicate!  ita 
proaimlty  to  the  earth),  the  effect  of  each  limly  in  ranang  the  tide  ia 
gr««t«r  as  its  parallax  is  greater,  i'2)  When  the  moon's  declinaliiA 
Wln«ides  with  or  approximatas  to  tlie  latitude  of  the  place,  both 
being  north  or  soutii,  and  the  eun'a  declination  fulfils  the  Uke 
OondiUcni.  In  otlier  words  (as.  gnnerally  (peaking,  tJie  vertical 
action  la  the  must  powerful),  the  eBect  of  the  two  1)odiet  is  greater  aa 
tli«ir  altilniiea  are  greater.  The  magnitude  of  the  tide  ia  also 
by  ilrong  winds  and  tbe  slate  of  the  atmosphere  ;  favoutabla 
wind*  and  a  low  barometer  are  the  meteoroIot£iual<uiad,v\Jtnsi3>Vi£^ 


I 
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Tide,  Superior  and  Inferior.— The  Superior  Tide  ifl  that 
which  takes  place  in  the  hemisphere  which  has  the  moon  above  the 
horizon  ;  the  Inferior  Tide  is  that  which  happens  simultaneously  in 
the  hemisphere  which  has  the  moon  below  the  horizon. 

Tide-ixrave. — The  accumulation  of  the  waters  of  the  sea  which 
is  caused  by  the  action  of  the  moon,  modified  by  that  of  t<he  sun, 
changes  its  position  through  the  day.  The  moon  and  the  sim  in  their 
diurnal  revolutions  continually  and  successively  tend  to  raise  the 
water  beneath  them  at  the  time,  and  thus  the  alteration  in  the  levd 
of  the  sea  is  propagated  from  east  to  west,  though  there  is  no 
transference  of  the  water  itself  except  near  the  shore.  InterrupUou 
in  the  regular  propagation  of  the  tide-wave  are  caused  by  the  depth 
of  the  ocean  and  the  barriers  presented  by  land  stretching  athwart  its 
direction. 

Tide-current. — The  current  in  a  channel  caused  by  the 
alteration  of  the  level  of  the  water  during  the  passage  of  the  tide- 
wave.  Thus  there  is  the  Current  of  the  Flood  and  the  Current  o/tte 
Ebb ;  Slack'  Water  intervening  at  the  change  from  one  direction  to 
the  other.  The  tide-current  does  not  generally  change  with  the 
tide ;  thus,  under  certain  circumstances,  the  current  of  the  ebb 
continues  to  run  for  some  hours  after  the  flood-tide  has  made. 

Tide,  Rangre  or  Height  of  .—The  difference  between  the  level 
of  high -water  and  that  of  low- water.  Speaking  of  the  earth  at  large, 
the  range  is  greater  in  those  latitudes  over  which  the  moon  and  bob 
pass  vertically,  being  very  small  in  high  latitudes.  In  the  open 
ocean  the  range  is  inconsiderable,  and  in  inland  seas  almost  inaensihla 
It  ifl  molt  affeoVAd  V}  V><»^  cA»jna^  as  the  shoaling  of  the  water  aal 


the  iiurrowing  of  t)iD  cliuniiel,  eapeuialty  if  the  uliiLDtiel  op«nB  in 
dirL-cliOQ  of  llie  tide-ware ;   Ibus  in  tlio  Bi'iatol  Cliamiel  the  range  i»  I 
Above  40  feat. 


Tide,  Retard  or  Age  of.— The  interval  between  the  tranait 
of  the  moon,  at  which  b>  tide  originateB,  cind  tlie  appearauce  of  tha 
tide  itself.  It  ia  foiinil  in  gciii^rBl  tliat  any  particular  tide  is  Dot  dlM 
to  the  moon  8  transit  imiiieili.itely  preceding,  bnt  to  u  transit  which 
liM  occurred  some  tlmu  bufore,  imd  whicli  is  oaid  therefore  to 
«orreapottd  to  it.  The  Retard  ti/llte  Tide  i»  thus  distinguislied  from 
Um  LuHiliilal  lislerval,  wbicli  la  the  interval  between  the  niooa's 
ttmaait  and  the  hisli-water  next  following.  The  name  Rtlnnl  ia 
derived  from  tho  tide  appearhig  to  be  "  cetarded  "  in  folluwing  th« 
ffloon  in  her  diurnal  course.  Tlie  cause  of  the  plienomenon  mnjr, 
however,  be  best  uuderatood  by  regarding  the  actluil  rotary  motion 
of  the  earth  on  its  axis,  instead  of  the  apparent  diurnal  revolution  of 
Ih«  muon  in  the  heavcm.  Tlia  moviealum  of  the  water  will  cause  ft 
continuance  of  its  rise  long  after  it  has  passed  under  the  exciting 
causa.  On  the  same  principle,  changes  iu  the  parallax  and  de>:linBtion 
of  the  sun  and  moon  produce  their  several  effects  on  tbe  time  and 
fcaight  of  the  tide,  nut  immediately,  but  after  certain  int^ 


Tide,  Tide  and  HaJf-tlde,  Tide  and  Quarter-tide.- 
Ill  the  open  sea  liigh  and  low  water  succeed  each  other  at  uitervaU  of 
about  eh   12in  ;   such  interval  ia  designated  "  a  tide."     In  ohannela 
where  a  tide-currei/t  is  formed,  when  the  stream  continnea  to  flow  np 
b>x9>  after  it  is  high-water,  it  isaaid  tomBke"a  tideandbalf-tidi 
if  it  oontinue  to  Sow  dnring  1h  30ni  after  high- water,  it  is  said  to  mi 
"  a  tide  and  quarter-tide, "  and  so  on. 
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Tide-day,  Priming  and  Laffginff.— The  tide«day  ia  the 
interval  between  two  sucoeisiye  aniyalB  at  the  same  place  of  the 
flame  vertex  of  the  tide- wave.  It  raries  in  length  as  the  waves  doe 
to  the  separate  action  of  the  moon  and  sun  approach  to  or  recede 
from  coincidence,  the  resultant  maximum  being  at  a  point  inter- 
mediate between  them.  The  lengthening  and  shortening  of  the 
tide-day  on  its  mean  is  called  the  Priming  and  Lagging  of  the  tide. 

Tide,  Bstablishment  of  the  Port.— The  sun  and  moon 

being  in  the  same  relative  position,  the  time  of  high- water  is  different 
for  different  ports,  owing  to  the  inertia  of  the  water  and  the 
obstructions  it  meets  with  from  the  friction  of  the  sea-bed,  and  the 
narrowness,  length,  and  direction  of  the  channels  along  which  the 
wave  has  to  travel  before  reaching  the  port.  It  is  of  great  maritime 
importance  to  be  able  to  find  the  time  of  high-water  for  harbouit 
and  ports,  and  to  this  end  a  standard  tide  is  fixed  upon,  indicated  by 
a  particular  relative  position  of  the  moon  and  sun,  from  which  the 
time  of  every  tide  may  be  deduced.  The  standard  is  called  the 
**  EstMishment  of  Hit  Port"  and  is  the  time  of  high- water  at  full  and 
change  of  the  moon  at  the  given  port  reckoned  from  apparent  noon. 
It  is  the  actual  time  of  high- water  when  the  moon  passes  the  meridian 
at  the  same  tiii^e  as  the  sun,  or  the  interval  between  the  time  of 
transit  of  the  moon  and  the  time  of  high-water  on  fiill  or  change  daya 
It  may  be  determined  roughly  by  observation  on  the  day  of  full  or 
change,  and  is,  in  this  case,  distinguished  by  VVhewell  as  the  '*  VtUgar 
Eitablishment  of  the  Port."  The  ^'Coi-rtcted  EHablishmento/the  Port** 
is  the  interval  between  the  time  of  the  moon's  transit  and  the  time  of 
the  tide  not  on  the  day  of  syzygy,  but  corresponding  to  the  day  of 
tyzygy.  It  may  be  determined  by  observing  the  intervals  of  the 
MmtB  of  tlie  moou^a  tt«xA\\>  «sA  .N\!l^  ^.vcom  of  tide  every  day  for  a 


■emi-lunation,  and  taking  tlis  mean  of  thase.  IE  we  kuow  by  how 
much  Die  transit  of  the  moon  to  which  the  tide  corrsapoiuU  la  aula- 
cedent  to  the  transit  next  preceiting  the  tide,  the  carrecled  eaublieh- 
ment  may  be  obtained  from  one  observation  of  any  tide.  The  estaliliab- 
mant  for  a  large  number  of  important  atatlona  is  publialied  by  the 
Hydrographic  Deportoient  of  the  Admiralty  in  spaciiil  tables.  Hencs 
may  be  iladuced  the  time  of  high-water  for  any  day  at  the  givan 
place.  Thus,  if  on  a,  particular  <lny  the  auu  and  muoii  poaa  tha 
meridian  of  the  given  place  at  the  same  uinuient,  and  the  interval  b*  , 
obaerved  from  this  to  the  high-water  next  eucoeeding,  wh  get  tha 
Bj)pitreDt  time  of  high  water  at  the  meridional  ayzygy.  On  llio  day 
follawin(!  the  moon  will  have  moved  about  48>b  in  right  MCenaion 
more  than  the  aun,  and  will  tlieiefore  puu  the  meridian  tliat  much 
lAter  thun  on  the  Biat  day.  Now,  if  the  luuil  idol  interval  or  period 
bMtrBen  the  moon's  transit  and  the  high-wnter  next  following  1>e  the 
TTTT"  *"'  the  two  days  (as  it  will  be  nearly  if  we  t&ke  into  account  tha 
■dlhm  of  the  moon  only),  the  apparent  time  of  high-water  on  the 
Mooad  day  will  evidently  be  the  apparent  time  of  high-water  on  the 
first  day-l-the  apparent  time  of  t!ie  moon'i  meridian  passage  on  tha 
saoond  day.  This  \»  the  geiieral  principle  in  the  solution  of  tha 
problem ;  the  details  and  corrections  need  not  here  be  notioed.  Ths 
Establishment  of  tlie  Port  is  spokeu  of  by  Robertson  »«  "The  Time  ot 
tbe  Syiygie  High-water  for  the  given  Port,"  which  may  be  abbreviated 
into  "  SyzygiJ  Tidt "  ;  similarly  it  has  been  called  the  "  Chaagt  TiJt," 
*rtn,  however,  objectionable  oa  elpressing  either  too  little  or  too 
ch ;  fotif  tlie  word  "change  "  be  extended  in  meaning  to  iucluda 
the  time  of  full  as  well  as  of  new  moon,  it  onght  logically  to  einbrooe 
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also  the  first  and  third  quarters,  which  in  the  case  before  ns  moat  be 
expressly  excluded.  Raper  uses  the  term  "  Tide-hour,"  and  the 
German  analogue  is  "  Hafimeit,"  "  Harbour- time." 

Time. — A  definite  portion  of  duration.  It  la  marked  in  a 
general  manner  by  tlie  recurrence  of  striking  natural  phenomena, 
such  as  the  alterations  of  light  and  darkness,  and  the  soccession  of 
the  seasons.  Thus  the  two  natural  measures  of  time  are  the  day  or 
period  of  the  earth's  rotation  on  her  axis,  and  the  year  or  period  of 
the  earth's  revolution  in  her  orbit. — See  Calendar. 

Time,  Common  and  IiOCal. — Common  Time  is  reckoned  from 
an  epoch  (or  initial  instant)  independent  of  local  situation — such  is 
that  known  among  astronomers  as  equinoctial  time,  which  is  the  same 
for  all  the  inhabitants  of  the  earth.  Local  time  is  reckoned  at  each 
particular  place  from  an  epoch  determined  by  local  convenience,  such 
as  the  transit  of  the  sun's  centre  over  the  meridian  of  the  place ; 
what  is  called  Greenwich  Time  and  Ship' Time  Ate  both  examples  of 
local  time. 

Time,  Diurnal. — The  day  depends  upon  the  rotation  of  the 
earth  on  her  axis,  but  this  is  indicated  to  a  spectator  on  the  surfaoft 
only  by  the  apparent  revolution  of  the  celestial  concave  in  the 
opposite  direction.  Diurnal  time  is,  therefore, 
defined  by  the  motion  of  some  chosen  point  in 
the  heavens  as  it  appears  to  revolve  from  east  to 
west,  and  is  measured  by  the  angle  at  the  pole  of 
the  htarevs  }>etineen  the  celestial  meridian  and  the 
hour-circle  passing  through  the  point  of  definition 
reckoning  westtcard.  Thus  we  have  Sidereal 
2^ifne,  Appartixi  Solar  T\w««vc^d  Mean  Solar  Time,  accordiiig  as  the 


point  of  defiuitioii  in  Ihe  lirst  point  of  AHei  (  r),  the  acLunI  sun  (S), 
the  menu  «uu  |M).     Sidereal  Time  ia  nie&aured  by  t)>e  angle  at  th» 
pole  o(  tliB  lieavcnH  between  tlie  celestial  meridian  and  Ihe  hour-circla    ' 
pnasiiig  through  Ihe  first  point  of  Aries  (QPr  ) ;  and  similarly  for 
Apparent  Solar  (QPS)  and  Mean  Solar  Time  (QPM). 

Time,  Equation  of— See  imdor  Elquation. 

Time.  Equivalents. —Two  tables  are  given  in  tbe  "  Nautical   j 
Almanac  "  pp.  502—505  ;    the  first  for  uonvertiug  inten-als  of  n 
•olar  time  into  equivalent  intervals  of  sidereal  time,  the  seoood  for  1 
couverting  intervals  of  sidereal  timv  into  equivalent  intervals  of  meoa  { 
■olar  time.     They  are  oonatructed  from  the  foniiulw! : — 


M 


■002738  M  = 
S  -  -002731   S  = 


.  {1} 


These  tables  also  serve  as  Tables  of  Acceleration  and  Retordatioa,  by-l 
teking  tlie  difference  between  each  argument  and  its  oqaivaleut. 

Time,  Ship.— The  mean  solar  time  at  the  place  where  a  ship' 
happens  to  be,  as  cootraated  with  GrwnirfcA  Time.   In  east  iongitud*  1 
it  is  evidently  before  Greenwich  Time,  in  west  longitude  behind  j 
Greeuwith  Time;   every   IS*  of  longitude  making  a  diSerouce  of  oi 
hour.— See  Longitude  in  Time. 

Time,  Azimuth  —An  aximuili  determined  by  oalculatiun  trom.^ 
these  data- tlie  latilnde,  the  ileclinotiou,  and  the  "  bour-anglo. '' 
Tills  is  the  problem  the  approximate  solution  of  wliich  is  furnished  by 
the  Burdwooil  and  Davia' Azimuth  Tables,  An  allilude  aamuth  is 
Rn  Bzimnth  deLermine<1  by  cult-ulation  from  these  ilatji — the  latitude,, 
tbe  declination,  and  tlie  "  altitude."— See  under  Azlmatll.  j 
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Time-balls. — Balls  dropped  down  a  staff  at  observatories,  to 
notify  certain  preconcerted  times,  1p.m.  being  that  in  general  use. 
They  are  of  great  use  to  navigators  for  determining  the  error  and 
rate  of  their  chronometers. 

Tornado  (Sp.  and  Port,  tomada), — A  storm  characterized  by 
its  whirling  motion. — See  under  Storms* 

Torrid  Zone  (L.  t&rnUns,  '*  parched  ").—  The  zone  of  the  earth 
included  within  the  tropics  or  parallels  of  latitude  of  about  23**  27'  N. 
and  S.  Twice  every  year  the  sun  is,  at  noon,  close  to,  if  not  actually 
in,  the  zenith  of  every  place  in  this  zone  ;  consequently  the  tempera- 
ture is  exceedingly  high  in  this  portion  of  the  globe,  and  hence  the 
name  by  which  it  is  commonly  distinguished. — See  Zones. 

Transit  (L.  traiMtis,  "  passage  across  "). — By  the  "  transit  of  a 
heavenly  body "  is  commonly  understood  its  passage  across  tbs 
meridian  of  the  observer's  station;  a  ** Transit  Instrument"  is  a 
telescope  moving  in  the  plane  of  the  meridian,  and  there- 
fore adapted  for  observing  these  transits  of  the  heavenly  bodies.  By 
the  "  transits  of  an  inferior  planet"  (Mercury  or  Venus)  is  understood 
the  passage  of  its  dark  body  across  the  luminous  disc  of  the  son  ;  and 
similarly  the  *' Transits  of  Jupiter's  satellites"  describes  the 
phenomenon  when  his  satellites  are  observed  as  dark  spots  to  pass 
across  the  illuminated  disc  of  the  planet. 

Traverse  Sailinfir-— 'I'he  case  in  plane  sailing  where  the  ship 
makes  several  courses  in  succession,  the  track  toeing  zigzag,  and  the 
directions  of  its  several  parts  **  traversing,"  or  lying  more  or  leas 
athwart  each  other.  For  all  these  actual  courses,  and  distances  run 
on  each,  a  single  equivalent  imaginary  course  and  distance  may  be 
found  which  the  ship  would  have  described  had  she  sailed  direct  for 
the  place  arrived  Kt,    Tvxv^\si%  \>V.v&  course  is  called  **  Working  a 
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Dep.  =  dlst  X  sin  course  ...  (1) 
Diff.  lat.  ^  dist.  x  cos  course  ...  (2) 
give  for  each  course  and  distance  the  corresponding  departure  and 

difference  of  latitude  ;  and  taking  the  algebraic  sum  of  all  the  depar- 
tures and  of  all  the  differences  of  latitude,  we  get  the  required  course 
from  the  formula — 

Tan  course  =..4^B:-r 
din.  lat. 

«nd  then  the  distance  from  either  of  the  formulae  (1)  and  (2).  A 
table  called  the  Traverse  Table  is  used  to  obviate  the  necessity  uf 
computation. 

The  following  form,  illustrated  by  an  example  taken  from  Raper, 
will  be  found  convenient  in  working  a  traverse. 

Example. — A  ship  sails  S.W.  by  S.  24  miles  ;  N.N.W.  57  miles  ; 
S.K  by  E.^E.  84  miles ;  and  S.  35  miles — find  the  course  and 
distance  made  good — 


Diff.  Lat 

Dep. 

Courses. 

Dist. 

N. 

S. 

E. 

W. 

Pu. 

S.  3W. 

24 

— 

200 

— 

13-3 

N.  2  W. 

67 

62-7 

— 

— 

21-8 

8.  6^E. 

84 

— 

39-6 

741 

"— 

South. 

35 

35  0 

— 

62-7 

94*6 

741 

361 

62-7 

361 

4\-% 

\    ^-^ 

\ 
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Using  the  Traverse  Table,  the  Diff.  lat.  41  '9  and  Dep.  390  are  found 
at  43**  against  the  Dist.  57.  Hence,  since  the  «hip  has  made  southing 
and  easting  on  the  whole,  the  resultant  course  is  S.  43"  £.,  and  the 
distance  57  miles.  Problem. — To  find  tfie  latitude  in  and  hngitydein^ 
having  given  tlie  latitude  from^  (lie  longitude  from,  and  the  9ev«rai 
courses  and  distances  run  bettoeen  the  two  places.  By  working  a 
traverse  the  difference  of  latitude  and  the  departure  are  obtained. 
Hence,  by  applying  the  difference  of  latitude  to  the  latitude  from, 
we  have  the  latitude  in.  The  middle  latitude  is  then  found,  and  the 
solution  of  the  problem  completed  by  the  aid  of  the  formula  of 
spherical  sailing — 

Diff.  long.  =  dep.  x  sec.  mid.  lat.  ; 

the  difference  of  longitude  applied  to  the  longitude  from,  giving  the 
longitude  in.^See  Plane  SailinfiT. 

Traverse  Table. — A  table  so  called  from  its  use  in  traverse 
sailing.  It  contains  the  true  difference  of  latitude  and  departure 
corresponding  to  every  course  (at  intervals  of  a  quarter-point  and  also 
of  degrees)  from  0  to  a  right  angle,  and  every  distance  up  to  300 
nautical  miles  (at  intervals  of  one  mile).  It  is  constructed  by  solving 
a  right-angled  triangle,  of  which  one  angle  represents  the  course  and 
the  hypotheuuse  the  distance ;  by  giving  these  parts  different  and 
successive  values,  the  corresponding  values  of  the  other  two  sides  are 
found,  which  sides  represent  the  true  difference  of  latitude  and 
the  departure.  It  is  evident  that  the  difference  of  latitude  and 
departure  for  any  course  are  the  departure  and  difference  of  latitude 
for  the  complement  of  that  course,  and  hence  the  table  is  compactly 
arranged  by  interchanging  the  headings  of  the  columns  containing 
these  elements  at  the  top  and  at  the  bottom  of  the  page,  and  using 
the   top  reading  lor  <^out«ffA  Itom  Q**  to  45**,  and  the  bottom  reading  for 


courses  frn.n  45'  to  90°.  Tliis  Tnbla  inity  be  uaert  for  a  largB  nun 
of  pioLlmiPi  ilepeniliiig  for  their  Bolulion  on  tile  relations  of  Sei 
put*  of  a  right  ungled  triangle,  us  for  iuBttiuce  in  the  esse  ol 
"  Corrcotiou  lor  Run." 

Triangles,   Solution  of.— The   problemB  of  geo-nsvig" 
■(except  groat-circle  aailing)  all  depend  upon  the  solution  of  p 
triangles.     The  problems  of  great.circle  sailing  and  all  those  of  ci 
navigtition    depend    upon   the   solntion   at  spherical  triangles. 
tberefore  the   general   trigonometrical   fonuulFe   for  the  solution  ol 
trioiUgleH,  plane  and  spherical,  be  remembered  there  is 
burden  the  memory  with  any  verbal  rnles  (or  the  particular  problen 
of  navigalion.     In  what  follows  the  three  angles  of  the  triangle  i 
called  A,  B,  C,  and  the  aides  respiiolivBly  opposile  to  each  a,  b,  f. 

1.  Plane  Triangles,  Formulee.~In  every  pbnc  triang 
A  +  B  +  C  =  180', 

(i. )  Jfiiiht-iingleii  Plane  Truingla,     Let  A  be  the  right  angle. 

(1)  Tiie  relations  of  the  three  sidus  are  given  by  the  formula 
«•  =  i'  +  c',  1(  b  and  <  are  given,  «  =  ^  b"  +  c'  ;  but  ai 
font)  cannot  be  adapted  to  logarithmic  computatioa  it  ia 
«sceptionalty  used  for  very  simple  exajuptes.  The  geuenvl  nu 
is  first  to  determine  one  of  the  angles  B  or  C.  If  a  and  one  o 
otiier  sides  is  given,  as  6;  then  c  =  .J  a'  -  b''  =  J  (a  i 
.:  \ogc  =  k\\oef.i  +  b)  +  logf,t  -  bj\. 

(3j   Tlie  relations  of  the  aides  and  angles  are  given  by  the  formoli 
SinB=  — ;  CosB-.^;  Tan  B=-  — 


and  their  reclprooals.  And  C  ^ 
.-.  L.  SinB-10=logi-Ioga,- 
-10=log6-loge. 


90°  - 
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TABLE  L 


Given. 


Three  sides 


1'wo  sides  and  the 
angle  opposite  to 
one  of  them 


Two  sides  and  the 
included  angle 


Required. 


One  side  and  two 
angles 

a,  A,  B 


Three  angles 
A, 


ee  angl 


Remaining 
angles   and 
side 
B.  C.«r 


Remaining 
angles  and 
side 
A,  B.f 


\ 


Remaining 
angle  and 


Trigooomefrical   Formobe. 


(i)    Sin 


.A        Tt 

in—  =  V  - 


>-  *)(*-r) 


h,c 


wrbSR 


A         /s(i-a) 

or    (2)     Cos-cV 

a  S.  c 

or    (3)    Tan— =  V 

a  *  (*  —  a) 

(s       0(j-() 


s  =s 


or    (4)    Hav  A   = 
(with  tahle  of 
Haveranes) 


Similarly  for  angle  B . 
ForC.  A-hB-hC=i8o* 


Sin  B        6 

=  -  ;     C- i8o*— (A+B) 

Sin  A       a 

[Where  a>^ ,  since  the  greater  angle  is  opposite  to 
the  gxeater  side,  A>B ,  and  B  can  be  determined. 
When  tK6 ,  there  are  two  values  of  B  and  the  cue 
is  ambiguous. 

c       sin  C 


sin  A 


Atethi'd  f .     First  determine  A  and  B 
A+B        i8o*  — C 


Tan 


sin  A 


Metk0d  it.     First  determine  c  . 

C 
c=ia  —  i)C0^  sec  $ 
a 
n-k-i  C 

where  tan  $  = tan  — 

a-A         a 
sin  A       a 


sin  C 


\ 


C=i8o*-(A+B) 
^        sin  B  c 


i\w  K 


sin  C 
sin  A. 


PLANE    TRIANGLKt 


(,>    l."..A=i-{l"g(.-i)  +  lo«(.-<)-!og*-log^}+.o 

"7  |«.  CO,  log  *+«.«.  log  <■  + log — +log- 

r    (.)    Lc«^=i{ln(.  +  l™(.-n)-lo4*-logf}+io 

r    (3)    Lliiu^  =  -l{rog(.-i)+log^-rt-kig.-Iog<.-nl[-+« 


L  lin  B  =  L  <• 


=i»o"-{A  +  B). 


^-W<..-«-lo«(«+« 


^ndlo(  frying  A  t  Lhi.  C  +  L(«tt  A  — JO 
C 

C 

log  (  =  Idg  (rt  -  i)  +  Lc»  - +■  L  m*  -  B 

>dL«nA=L^C  +  ti>a4-lo(c 

BaiW-tC  +  Ar 

C  =  .».'-  (A  +  B) 

ot  log  «  +  1.  nn  n  ^  \,  CMC  X  —n 


\ 


ISO 


(ii.)    Trianrjlta  bthtr  than  llvjl,t-a.i,^led.     'XhcM 
one  of  Lliu  fullowmg  (i>rinulie. 

(I)  Sb  -2-=/y^ 

Sin  A. 


^' wLere  »=  J  ffi  +  R  +  c^ 


(2) 


Sin  I 


(3) 


oHA- 


CoL-^ 


The  several  cues  are  a 
the  <laUt:  when  three  si 
an  angle,  ami  when  one 
mio  cxprcuioiiB  are  niio 


'anged  in  the  uine:(ed  Table  I.  aocoiding  (a 
es  ftre  giveu,  wlieu  two  ■idcH  are  given  with 
lie  ia  given  with  two  uigles.  The  luguilh- 
rtitten  nt  lengtJi,  embodying  Iha  nilei  and 


IL   Spherical  Triangles,   Formulse.— (i.)   Rij/ht-at^ 

Triiii'ijteii.  All  the  formuW  fur  Ihpse  IriMiglea  are  compriaeJ  andtf 
Nnpior'a  two  nilea.  Let  A  be  the  light  angle  :  leaving  lUia  out,  liie 
"  drouUr  parU  "  are  6,  <r,  5-—".*'  — ^-^--C,  If  MbeiJiciuliIilli 
part,  A,,  A„  the  "adjacent porta,"  and  0,,  O,  the  "opgiciBitc  [>Mii^; 
SinM  =  tan  A,  .  Un  A, 


nM  = 


aO,  . 


i»0,. 


Thfl    ■ 


liildle  pni't"  is  always  selecUd  so  that  the  other  tiiro  port* 
flro  eilhi-r  both  "mljnueiit"  or  l>oth  "opposite."  Having  wrltlea 
down  the  ci^uation,  make  a  dash  under  the  part  required  :  itsnug- 
nitnile  (whether  greater  or  leas  than  90*)  U  Uetenniued  b>~  iilacing 
-over  the  known  parts  their  pro{)er  algobraical  signa. 

(ii.)  QoadranOil  Triaatjlrt.     Hiltea  analogous  to  the  alraw  w 
apply  to  thoae.      Let  a  be  the  qnadraiital  aide  ;  tearing  this  o 
"oircuUr  parU"  arc  B,  C.-^ -A.-i — h,  ~—c.      The  mag 
of  tlie  required  part  l^wVot^vet  ^ee«Kt  w  leu  tlmn  90°)  ii 
i>y  placing  their  ptupet  aX^etotiivraA  ».W>» '«'k  •iwVissIwi^,pa^„,  i 
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also  when  two  angles  or  aiilea  come  together  □□  the  same  aide  of  the 
eqaatiou  a.  negative  Higii  before  tiieiti.  T)ie  three  aigna  thus  on  oua 
Bi'le  o(  the  equation  must  produce  the  Bnme  reault  {positive  or 
ncgulivo)  u  the  aigo  of  the  other  side. 

(iii.  I  Obli'iHe-angUii  Trianglrt.  On  account  of  the  property  of 
plime  trinnglei  that  the  three  anglea  of  every  euch  triangle  are  equal 
to  tvo  right  angles,  their  solution  is  much  simpler  than  that  of 
•pherieiil  trinngles  where  the  sum  of  the  three  nnglea  is  not  definite, 
liul  varies  from  two  to  six  right  angles.  But  an  analogy  eiistl 
between  tlie  fundamental  farmulie  of  plane  triauglea  and  the  correa- 
liOndiog  ones  of  aphericftl  triangles,  which  may  serve  to  facilitate  the 
liktter  l>eing  remembered.  In  tlie  following  Table  it  will  be  observed 
that  n  side  or  b.  combination  of  sides  in  plane  triangles  is  replaced  bf 


iheir  sinea  in  epherioal  triangles. 

0,T. 

..«,.„.    ..,.«,,.. 

Three  dda 
1.    ».    f. 

SLn*_V"-«"-" 

-^H"^-^^ 

Two  .Lille:,  A.  B. 

Sin  A    smB      1I.-C 

T™  >«!«.-.*, 
il»  iDdudcd 

M-t         C 
T.i.J(A-B)= T""- 

«nK— «      C 
=11 !  (A  -  B)= a>l~ 

I 


^^1 

^^^H 

■ 

^^^^^^H 

H^^H 

^^^^1 

^I^^^B 

^ 

4»a                                                       TABLE   11. 

»U»«.o» 

I 

1 

11.«..Ui« 

■n.r«nn(le. 

A         /Is^ 
(0  SL.-=V J 

or(0   C»-="W'^^ 

A       ^KTS 

dtO)  T.n-=V-sru 
"1(4) 

Hit  A^coHC  » <nnc  I  ^/ 

11 

ol^Soflll™  "'  "■ 

T.O  «™ib- 
"  °B,C.(. 

1 

III- 

T»<i  •.idn  tnd  Ibe 

ii>cluij«l  mule 

Two  renoj..- 

T.™  1  (A+B)  =^^ 

To  find t              

(i)SiF.  -=V  fln(- 

Wbttt  MB  9  =  V    M 

where  COif=  Viii 

\  ort\k<l'* mt— «n. l»  —  J] 

SPHERICAL  TRIAXCILKS, 


II   <•)     I,.l«-  =  -  j  L  VU   .+  1.  iin  {l  -«)  +  !.  CWK  /■   +L  COMC 

ir  (jJLUiii  -=-JL«ii'i-*>+LiiB(i-rt+I,i:o»e.+Lcni 
'l<t)Lhi>v  A=l,K,^*+Lco«c<-f|Lh..(n+3Z04-iL  hi 


(fl  -i^]-a 


Liii>1t=L<in  A+L<m«+Lc<MCd  — K 

I.  t...-=L  eat  {A+Bj+LcoftC -*)+!•■«  i<"+*)- 

(,  tan -  =  l.li.«  !<■•+'*)+'-««  !(*+»)+ Liet  !  (A  -  B)- 


Li»ul<A+H)=L™i-+Lt«H''-')+t-Me|(''+«-« 

C 
L  Ui.(  (A- B)=L«D1 -+!.«"((•-'>+ 1. co«c)l''+«- 

A=l  (A+nj+t  (A  -  B)  I  B=)  (A  •-  B)  -  I  (A  -  R). 

A/il*,^  if.' 

{,H.un#=li    L.i„„+l.oi.(l+.  Leo.  -J 

H{-'"(^'^-(f-)}l 

<M(j)Lco.#=.-iL.lii,i+Lnn*+.  L.iii-|  -  to 

--4{'-(-v)-('^)f 

or  t  ())1^  N=I=B  .+L  .in  V.  +  L  tin  i+i  L.Ib  -*,oI 
■)'j6  vrm^ah  venU  — ^HabinsS  1 
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TABLE    n.    CMMTCBcrxD. 


Cmc 


IV. 


Given. 


One  side  and  two 

angles  of  which 

one  lit  subtended 

by  side 

a.  A,  a 


One  side  and  the 
two  adjacent 
angles 
rt.  B.  C. 


VI. 


Three  angles 
A,  B,  C. 


Required. 


Third  angle 

and  two 

remaining 

sides 

C.  *,  c. 


Third   angle 

and  two 

remaining 

sides 

A,  h.c. 


Three  sides 
<f,  b,  c. 


Trigoooaetrical  Formulae. 


First  determine  h  ^ 

Sin  b  ^  sin  B 

ttn  <t       sin  A 
Then  cand  C 


rAmbigiKMis 
A  lies  between 
andr- a] 


Method  i-  TvTA  determine  b  and  c^  and  then  A. 

tan  £. 


^      1  /XL  \     cos4(B-C) 
TanH^+0-^|(B-HC) 

TanH3-.)=^rH»-C) 
**°'^       '     sinHB+C) 


tan 


Then 
Metlutd  it. 


Sin   A        sin  a 
un  B         sin  ^ 
First  determine  A. 


Where  sin  ^  s  ^^sin  B.  cos  C  sin'-^ 
Sin^    sin  B    .    »  sin  c  _Mn  C 


Then  !1-"lr=: 


ana 


stn  a    sin  A'  sin «    sin  A. 

Method  Hi.  Use  the  polar  triangle,  which  may  be 
solved  by  Case  III.  the  requiiUte  parts  being 
known. 

A'=ir-«,  *'=»•- B,  ^=r-C 
I'hen  in  the  primative  triangle  — 

A  =  ir-«,  3=x-B',  r=x-C'. 


Method  f . 


where 
A+B+q 


(OSin^«  j'-~ili^^^>    S:= 
a       ^         sin  K.  sm  C 

orWCoUL-      /^S— B).co.<S.^ 

a       'V         sin  F.  sin  C. 
-_/,\x-„  **  «      /    cos  S  ■  cos  (S  -  A) 

And  similarly  for —  and  ^   , 

a  a 

Meth^  n.    Use  the  polar  triangle,  which  can  be  | 
solved  by  Case  I,  the  required  part^  being  kaowa 
«'«»-A,  *«r-B,  tf'-T-C 
Then  in  the  primative  triangle — 


SPHERICAL  TRIANGLES. 


Ca«e. 


IV. 


V. 


VL 


Formulae  for  Logarithmic  Tables. 


log.  dss\og,a+L  sin  B+L  cosec  A-ao 

c 

Llan—  B  LianJ(«+^HLcosI(A+B)+LsecHA-B)-so       . 

a 

c 
L  tan  —a   L  cot  J  (A+B)+L  cos  i  (a-^}+L  sec  \  (a+^)-»o 

a 


n 

L  tan  i  (3+c)==  L  tan  -  +  L  cos  i  (B -  Q+L  sec  1  (B+C) -  9o 

a 

a 
L  tan  }  i6-c)-L  Un  — +L  sin  |  (B-C)+L  cofcec  i  (B+C)-ao 

a 

L  sin  Ab  L  sin  B+L  sin  a+L  cosec  ^- ao 
Method  it. 

L  sin  ^  s  W  L  sin  B+L  cos  C+a  L  sin  —  >  *-  lo 

A          (            /B+C        \          *    /B  +  C       \) 
Lcos-   «  iJLsin    I ^l+Lsin( +^/f 

Lsin^sL  sin  a+Lsin  B+L  cosec  A-ao 
L  sin  casL  sin  <>+L  sin  C+L  cosec  A-ao 

Mtthod  tit.        By  polar  triangle  A'  B'  C.     See  case  m. 


I 


Methodi. 


(i)  Lftin  —  a  \\  L  cos  S+L  cos (S>A)+L  cosec  B+L  cosec  C  > -to 
or  (a)  L  cos  —  «  ij  L  cos  (S-B)+L  cos  (S-Q+L  cosec  B+L  cosec  C  V -zo 

or(a)  Lun  -  »  i|  Lcos  S+Lcos(S-A>+Lsec(S-B)+Lsec(S-C)|>-zo 

b  c 

And  kimiUurly  for  -     a  nd     - 

MeUt^dtu 

By  polar  triangle  A' BTC   S«^«uHti. 
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Triangle,  Astronomical  or  Instantaneous.  —In  N»uticil 

Astronomy  the  most  important  tpherioal  triangle  is  that  of  which  the 
angolar  points  are  the  elevated  pole  of  the  heavens  P,  the  zenith 
of  the  observer  Z,  and  the  body  observed  X;  the  sides  being  the  polar 
distance  of  the  body  p  (the  complement  of  its  declination  d),  the 
zenith  distance  of  the  bodyz  (the  complement  of  its  altitude  a),  and 
the  zenith-polar  arc  c,  which  corresponds  to  the  co- latitude  of  the 
observer, 


This  triangle  is  often  called  the  Antronomical  Trlamjle^  but  I  have 
suggested  for  it  the  term  Instantaneous  Triangle.  This  term  prevents 
all  confusion  of  ideas,  and  describes  its  nature  with  accuracy.  The 
triangle  is  formed  by  a  transitory  combination  of  elements  in  three 
different  systems  of  co-ordinates,  two  of  which  are  co-axial  or  oo-polar 
(admitting  therefore  the  coincidence  of  one  of  their  angles),  and  two 
mutuslly  having,  each,  the  pole  of  its  primary  situated  on  the 
secondary  circle  of  the  other  (admitting  therefore  the  coincidence  of 
one  of  their  sides).  Thus  the  angle  P  belongs  both  to  the  great-circle 
system  of  co-ordinates  Right  Ascension  and  Declination  and  to 
the  polar  syitem  ol  oo-ot^vEAXAa  VL^^x>^^le  and  Polar  I>istanosw 


487 


Again,  the  sUie  c  beloiiga  bnth  to  tb«  great-circle  lyatem  ot 
co-ordinates  AKimiitb  and  Altitude,  and  U>  the  oeluatial  megdure  of 
the  terrestial  co>ordiuates  Longitude  and  Latitude,  viz.  Time  and  the 
ElevatLou  of  the  pole.  We  can  imagine  the  dtSerent  lystetna  t 
fixed  for  a  moment  aud  the  points  P  and  Z  to  retain  their  relative 
poiition.  Thia  eaa  oiil;  be  for  a  vnolahing  inaUnt  aud  therefore  wa  J 
call  the  ti'ianjjia  PZX  Ihe  iMlantiintout  TViaiiyfc. 

Triangulum  AUBtrale  (L.   "TlioSouthemTriangte").- 
conat«Ilation  lyiD^aboutliulf-way  butwceu  Scorpio  and  the  aouCh  piile.  I 
B7V.'a..[7nW  J««.W«,  mag.  22,  NA.t8B6;  B.A.  16l>  W-" ,  Uec. - 

TPOplCB  (Ok.  Ttt  rpoiiKd,  from  rpirw,  "I  turu").-The  tw»l 
parallel!,  one  on  the  north  and  Che  other  on  tlie  aonth  aide  of  tbvj 
eqlutor,  whoaa  latitude  is  equal  to  the  auu's  inaiinium  declination] 
(about  2.V  27'  N.  and  S,),  The  term  woa  originally  applied 
oeleatial  parallela  of  declination  of  about  23*  27'  N.  and  S.  Thdri 
poiitiona  go  throujjh  tmalt  changea  of  long  period.  Wlien  the  sun, 
ftfter  comiiig  north,  haa  attained  liis  greatest  northern  declination, 
"tonia"  towarda  the  equinoctial  again  ;  and  when,  after  going  wrath,; 
lia  hai  attained  faia  grealeitiontliem  declination,  he  "  tunie  "  towardt] 
the  eqninocUal  again.  Hence  tlie  name  Tropicf ;  and  at  at  the  tima 
this  nomenclature  was  ailopted  the  lun  attained  hii  greatest  northern 
declination  in  the  conatellation  of  Cancer,  uod  bis  greatest  aouthem 
declination  in  the  conatellntion  of  Capricorn,  the  Northern  and 
Southern  Tropic-a  were  reapeotively  calleil  the  TVopieqfCai 
the  Tropic  of  Ciprirorn.  The  tropics  mark  out  the  limila  of  tfa*1 
torrid  zone,  or  that  portion  of  the  earlh'e  surface  over  whi 
(mi  be  verticeJ  during  the  year,  dividing  this  belt  from  the  tempent* 


i 
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True. — An  adjective  nsed  to  qualify  elements  when  referred  to  a 
common  standard  for  comparison.  Thus  the  centre  of  the  earth  if 
the  imaginary  common  standing-ground  whence  the  heavens  are 
supposed  to  be  viewed  through  a  uniform  medium,  and  to  which  all 
observations  of  the  heavenly  bodies,  made  at  different  parts  of  the 
earth's  surface  through  the  atmosphere,  are  reduced  and  referred  for 
comparison  and  computation.  Hence  the  "  True  Place  "  of  a  heavenly 
body  is  its  projection  on  the  celestial  concave,  the  body  being  sup- 
posed to  be  viewed  from  the  centre  of  the  earth  through  a  uniform 
medium;  distinguished  from  the  **  Apparent  Place."  The  epithet 
trufy  therefore,  does  not  indicate  the  actual  place  of  the  body  in  space^ 
but  a  standard  position  of  its  projection  on  the  celestial  concave,  to 
which  all  other  positions  that  its  projection  assumes,  when  seen  from 
different  spots  on  the  earth's  surface,  may  be  referred  and  reduced. 
Similarly  we  have  the  **True  Distance"  of  two  heavenly  bodies, 
distinguished  from  their  **  Apparent  Distance."  Again,  the  normal 
to  the  earth's  surface  is  the  direction  to  which  we  refer  angles  of 
elevation,  and  hence  the  point  in  which  this  line  meets  the  celestial 
concave  is  designated  as  the  "  True  Zenith,"  as  opposed  to  the 
"Keduced  Zenith";  and  thus  also  the  ''True  Latitude"  of  sn 
observer  is  di&tinguished  from  the  "  Reduced  Latitude."  In  like 
manner  the  meridian,  being  the  common  line  to  which  we  refer 
directions  on  the  earth's  surface,  the  "  True  Bearing "  of  an  object^ 
or  the  "True  Course"  of  a  ship,  is  an  angle  reckoned  from  the 
meridian,  distinguished  from  the  "Compass  Bearing"  and  the 
'*  Compass  Course." 

TwUifi^ht  (Sax.  ttoeon-leoht,  "doubtful  light").— The  atmos* 
sphere,  by  refracting  the  sun's  rays,  causes  that  body  to  be  seen  by  a 
spectAioT  on  the  esxth't  «urCace  while  yet  in  reality  below  his  horisoiu 


Bnt  before  the  aun  thus  becomes  vieible,  rays  of  light  illumiaate  th« 
Mmoapbere,  which  reSecta  and  scatter!  them  id  all  directioai,  and 
the  result  is  that  faiut  "  doubtful  "  light  which  precedes  the  riling  ol 
the  Sim  and  [allairs  its  setting,  called  twilight.  Twilight  begins  in 
the  rooming  and  ends  in  the  evening  when  the  sun  is  alwut  IS"  below 
the  harix'iQ  ;  snd  its  duration,  therefore  varies  with  the  latitade, 
the  time  which  is  tei^uired  for  the  sun  to  rise  through  IH'  vertically  1 
depends  upon  the  inolination  of  its  diurual  path  to  the  horizon  of  the- 1 
place,  and  is  greater  as  this  inclination  is  less,  i.t,  the  higher 
latitude.  Twiliglit  is  the  best  time  for  observing  altitudes  of  si 
at  sea,  for  tlien  the  horisou  is  in  genera!  clearly  visible  and  distinetly 
marked.— See  mumlnatlon. 
I  Typhoon  (Gk.  rf-t-^t,  "  &  violent  wind,"  which  whirls  np  cloud* 

of  dusl  or  uiist ;  from  ri^t,  "  smoke,"  "oloud  "). — This  Word  is  ni 

Iipecially  applied  to  the  revolving  storms  of  the  Chinese  u»a.—i 
under  Storma. 
n. 

U,— Of  the  letten  used  to  register  the  state  of  the  weather  in  th»*  I 
log-book,  u  inrlicates  *'  Uy'i/  lbreatt"i«g  appfai-aact  of  the  iPtaUitr." 
I  Uranograpby  (<!k.    eAparbi,  "heaven";  -ypiipitr.  "  to  grave," 

I     "  describe  "J.^The  science  which  deals  with  the  mapping  down  of~  fl 
I     the  celestial  concave,  representing  the  relative  positions  of  the  stara.  I 
I     on  a  globe  or  on  ultarta.     Compar*  the  terms  geiMji-apA^,  Uydroyraphg. 
r    _seo  Stars. 

[  Uranufl  (t'k.   oipat^,  "  heaven  "),— The  name  now  given  to  the- 

I     planet  revolving  round  the  sun  next  after  Saturn.     It  has  also  bi 


,i.i.k.  >""■ '"",  „,j  t»"'°"  ,"„™..w»"°"- „,*.■.•■■ 
'»'•»■u^*■-•-^:ir,■w™-''^T^;;:ri■■^- 
-      A  IB  ftui*^^  -  ,w-    lie»«-  ,    -lac  ;  ''"'^  * 

*""""■■  Xo'  >--  ■■■"■•  r-^'-'-^^^ru;:^ 

tlrSft*"*        ,   tti  the  end  "f  <■"'  „,.  .r»pMi«"' "' ".    _  p,^* 
„11».<""°     „.    S.».   !»»■  ^ 


t 


2,  A  Biglil  plntad  on  itmtnimeiita  for  Uking  observitioin  of 
Altitudes   and  distaiicei,  innrking  lh«  direction  from  ibe  eye  la  tlio 

Variation  of  the  CompafiS  (L.  variiHo,  "acliangine".— 
The  angle  wliicli  tlia  pcwttion  of  tlie  mngiietic  neeiUe,  iindiHturbeil  by 
lockl  attractinn  or  ship'*  influence,  makes  nitli  tlie  geograplilcal 
mendian  of  tlie  Btntioii.  This  lerni  slioulrl  be  exclusively  apprupriated 
to  Ihe  error  whicb  nriseB  from  tlic  insgnetic  poles  of  the  earth  nut 
coinciding  with  tbe  poles  ut  rotation.— »ee  Magnetic  Needle, 
And  Compass. 


Vega.  — The  proper  nan 

VenUB  Inamud  nttBr  tl 

beautiful  of  ihe  planets.     1 

being  ueit  to  that  of  the  ei 


of  UiB  brijlht  stnr  a  tyr'e.— Se«  Lyra. 

Eomaii  goddess  n[  beiiuty).— The  innst 
is  one  of  Uie  inferior  planets,  ila  orbit 
111.  In  actual  size  Venus  is  a  little  less 
owing  to  its  propinijuitj  to  us,  its  apparent 
IS  much  as  6T.  Iii  consequence  of  iU  proximity 
to  tba  mm  it  shines  with  a  very  bright  ligiil,  Imt  as  seen  from  the 
•Mib  tliU  brightness  varies  in  n  reninrkable  maimer.  1'he  oliange  is 
<diw  PMtlj-  U>  the  change  ot  apparent  magnitude  of  ibe  disc  from 
change  of  distance,  partly  to  the  varying  ratio  of  the  visibi* 
flluminoled  area  to  its  whole  .lisc,  foritpreaeHlapbaMslike  those  of 
theinoon.  The  light  isof  a  bluish  tinge.  Tbs  transits  of  Venus aomM 
the  snn's  disc  are  important  astronomical  phenomena,  as  they  afford 
tbe  best  means  nt  ileterminiiig  the  sun's  parallax  and  onseriuently 
the  dimensions  of  the  planeliiry  syBtem.  To  the  navigator  llie  Ixxly 
U  ohitlly  important  u  serving,  in  a  pre-eminent  iimniier.  Ibe  ordinary 
purposes  of  bright  stars,  socli  as  detennining  Ibe  Istitiide,  and  b 
Iniur  distances  furnishing  tbe  means  of  obtaining  the  longitude. 
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dtmuwtm  mpeeuA  notioa,  mm  it  cbh  ofUn  be  olamed  dnriiig  the  ^y- 
timm;  it  wm  called  bj  tlie  Greeks  ffetpenu,  th&  «' ereniigp" «i 
PkoMpkarms,  the  "morning" star.    Symbol  9 .—See FlanatflL 

Venial  BqnilMiy  (L.  vermdUs^  "  pertaining  to  the  mpmig,'* 
ver), — ReUtirely  to  tlie  northern  hemispbere,  tbe  Temal  Kqninei  it 
that  date  when  tbe  eon  croene  from  tbe  sootb  to  tbe  nortb  ol  tb» 
eqoinoctial ;  about  March  20tb.— See  BqilillOZeB. 


Venial  Squinoctial  Point.— Bdatirely  to  tbe 

bemisi^ere,  the  Vernal  Equinoctial  Point  is  tbe  interaectaoo  of  the 
ecliptic  bj  the  equinoctial,  at  tbe  point  where  tbe  ion  croeiai  from 
the  sooth  to  the  north  of  tbe  eqninoctiaL  It  is  mc^e  generally  oslled 
"  The  Firtt  Point  qfArie»'\-Stm  Squlnoctial  Polnt& 


Vernier  (named  after  tbe  inventor  Pierre  Vernier.  1631). — ^An 
index  for  reading  off  the  gradoated  scale  or  limb  of  an  instmment  by 
which  aliqnot  parts  of  the  smallest  spaces  into  whiob  tbe  scale  or 
limb  is  divided  are  measured.  It  consists  of  a  piece  "^i^*r  to  the 
scale  or  are  to  be  read,  along  which  it  slides.  1  be  length  of  Ui» 
piece  is  made  each  as  to  include  exactly  some  particnlar  number  of 
divisions  of  the  scale  ;  it  is  then  divided  into  a  number  of  equal  parti, 
differing  by  one  from  the  number  of  divisions  in  that  part  of  tbs 
scale  with  which  it  co-incides.  There  axe  hence  two  forms  of  vernier, 
According  as  the  number  of  divisions  in  it  is  one  lem  (fig.l)  or  ose 
gt-eaier  (fig.2)  than  in  the  correqicnding  length  of  tbe  scale.  Now,  if 
the  two  extremities  of  tbe  vernier  be  made  to  ocMncide  witb  certain 
lin««  of  graduation  of  tbe  scale,  then  it  is  evident  that  none  of  tbs 
inUrmediate  lines  of  tbe  vernier  wiU  coincide  witb  tboee  of  tbs 
•eale.  The  first  division  of  tbe  vernier  will  exceed  or  &U  short  of  the 
first  of  the  Vii\«raMidaa.\A  drnsooa  of  tbe  scale  by  a  certain  ifiaoe,  the 
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CMa€.  Formulae  for  Logarithmic  Tables. 


IV.  log.  ^sIog.a-f  L  sin  B+LcosecA-ao 


c 
L  tan  —  s  L  tan  i  (a+^)+L  cos  i(A+B)+L  sec  HA-  B)-ao 

3 
C 

L  tan  — s   L  cot  I  (A+B)+L  cos  \  (a-iy+L  sec  }  (a+^)-a« 

a 


V.  Method  i. 

a 
L  un  |(*+r)=L  tan -+L  COS  i  (B-Q+L  sec  I  (B+Q-ao 

a 

a 
L  tan  \  (^-0=L  tan  ->+L  sin  |  (B-C)+L  cokcc  \  (B+Q-ao 

a 

3=4  (3+O+i  (3-r);  <:=4  (*+r)-i  (*-c) 
L  sin  AsL  sin  B+L  sin  a+L  cosec  3-ao 

Method  ii. 

(  <*  ) 

xo 


Lsin  ^s|  JLsin  B+L  cos  C+a  L  sin  -[- 

^JLsin    I ^j+Lsin^ ■*'^)f 


A  (  /B+C        \  .    /B  +  C 

L  cos  — 

a 

Lsin^sL  sin  a+Lsin  B+Lcosec  A-ao 
Lsin  csL  sin  <>+L  sin  C+L  cosec  A-ao 

Method  Hi.        By  polar  triangle  A  B' C.    See  casern. 


I 


VL  Method  i. 


(0  Lmh  —  =  WL  cos  S+L  cos  (S-A)+L  cosec  B+L  cosec  CV-io 
or  (a)  Lcos  —  =  {  i  L  cos  (S-B)+L  cos  (S-C)+L  cosec  B+L  cosec  CV -lo 

I L  cos  S + L  cos  (S  -  A)+ L  sec  (S  -  B)+ L  sec  (S  -  Q  !• - 


or (3)  Lun  -  «  i^LcosS+Lcos(S-A)+Lsec(S-B)+Lsec(S-Q)--io 

b  e 

And  similariy  for  -     a  nd     - 

9  a 


Method  ti. 

By  polar  triangle  A.' ft' e.  ^Mouiti. 
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- — |-  in  length.    The  dilterence  therefore  between  the  length  of 

the  diviaioni  on  the  vernier  and  on  the  limb  is 

i I      ^        i       . 

fi        n  -h  1       N  (m  +  1) 

When  the  second  kind  of  vernier  is  need,  the  length  /  of  the  limb 
18  divided  into  n  -  1  parta,  each  of  which  will  be in    length 

The  difference  therefore  between  the  length  of  the  divisions  on  limb 

and  on  vernier  is 

_J I l_  . 

II- 1  n       (n-l)n 

The  first  kind   is  the  form  originally  proposed  by  the  inventor ; 

it  has  the  advantage  of  the  greater  size  and  consequent  clearness  of 

its  divisions,  but  it  has  to  be  nu|nbered  backwards  or  in  a  direction 

contrary  to  that  of  the  limb  of  the  instrument. 

It  would  be  convenient  to  have  distinctive  names  for  tho  two  kiodft 
of  veniicrs.  From  their  size,  relatively  to  a  portion  of  the  limb 
containing  the  same  number  of  divisions,  they  might  be  distinguished 
as  the  (JrtaU^r  and  /r««r  Vfmiert,  From  the  direction  of  their  grad- 
uation they  might  respectively  be  named  the  Beverte  and  Dirtct 
Vernitr*.  From  their  position  relatively  to  the  zero  point  when 
a<lvanced  along  the  limb,  the  two  kinds  might  be  termed  Following 
and  Preceding  Verniers.  The  minuteness  of  the  possible  reading  is 
known  as  the  Degree  of  Accuracy. 

A  vernier  of  the  first  kind  is  that  which  is  generally  attached  to 

the  scale  of  an  ordinary  barometer.    The  barometer  scale  (fi^.  1)  is 

<Uvi<led  into  inches  and  tenths  ;  and  the  vernier,  being  in  length  f} 

of  an  inch  and  divided  into  ten  equal  parts,  measures  hundredths  of 

All  inch. 


Vhe  vi-riiier  naed  for  icientilic  baromaters  ia  of  the  second  kind, 
and  in  geuantl  tweitty>&va  vernier  spaces  equal  twenty-four  of  tho 
Mwla  aifacea,  wliich  iire  eacli  half  s  tenth,  or  five  huudreJths  of  aji 
inch  J  thersfore  tho  differauce  between  one  of  tlio  vernier  and  one  of 
the  acftlo  ia  two  teutha  of  a  liimdied,  or  two  thouaaadtha  of  ua  inch, 
la  in  the  ni&riiie  liarometer,  reading  002  of  an  inch,  the  ahorb 
divUiona  on  the  scale  correapond  to  -OS  of  an  incll,  the  long  diviaionk 
a  tht  vernier  10  *01,  and  its  short  divisions  to  0u2  of  an  inch. 
Tho  limh  oflht  textaiil,  and  of  aimilar  aatroiiomical  inatrunumls, 
Ib  road  by  a  vernier  of  the  second  kind  {lig.  3).  Siipi>usa  th«  limb  to 
«  enl  to  a  tliini  part  of  a  degree,  or  20',  then,  if  the  length  of  the 
'emier  be  equal  to  10  of  these  divisions,  and  is  divided  into  20  equal 
part*,  by  jt4  means  wo  aro  enaliled  to  reatl  off  ^  of  mch  dlviiion  of 
the  limb,  or  to  mecwuro  angles  truly  to  1'.  This  is  the  simple  form 
of  the  vernier.  In  instruments  for  measuring  angles  it  ia  convenient 
Jiat  the  vernier  ahonid  he  divided  into  60  equal  parts,  ao  ns  to  enable 
IB  to  reiul  off  lo  the  same  number  of  »f-niU  as  the  limb  is  gmdaated 
n  to  miiiulr'.  This  could  be  effected  by  making  it  in  length  eriual  to 
i9  (liviaioiu  of  the  limb  ;  but  then,  if  the  limh  is  highly  gmdualeil, 
lbs  ealtiug  would  be  minute,  and  the  reailing  by  the  vernier  not 
dearly  ditCingiuah able.  The  difGculty  la  obvi^iled  as  follows; — The 
vernier  is  mode  in  length  equal  to  j  (n  k  60)  -  1  [  divlsioua  of  the 
Umh  (where  n  is  an  Integer),  but  still  dinding  it  into  GO  ei|ual  parts 
«aaof(nK60).  Thus,  let  the  limb  be  graduated  U>  10* :  take  ii  =  2, 
than  the  length  of  the  vernier  will  be  110  ot  the  divisions  of  the  limb 
each).  Now  if  the  vernier  were  divided  into  120(3x60)  eqiu^, 
pkrtth  it  would  enable  iia  to  read  to  y|g  of  10' ;  but  this  is 
tmry  and  luconTenient.  It  is  therefore  divideil  into  tiO  erjual  pari 
«n]y,  and  enables  us  to  rdni)  to  ^.i  of  10',  or  to  10'. 


Mie  iuni>   ^^^g 
0)  eqiua^H 

parlA^^^H 
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Vertical  Oiroles  (L.  vertex,  "the  top'*  or  "crown,"  from 
verto,  *'  to  turn  ").  Great  circles  of  the  oelestUl  concave  which  paas 
through  the  vertex  of  the  viuble  hemisphere,  and  are  therefore 
perpendicular  to  the  horizon.  They  are  aleo  called  *' CircUi  oj 
AUUude,"  because  altitudes  are  measured  on  them,  and  "  Circlee  of 
Azimuth,"  as  marking  out  all  points  that  have  the  same  azimuth. — 

See  Ooordinates  for  the  SurflEuse  of  a  Sphere. 

Vertices  of  Great  Oircle.— The  two  points  of  highest 

latitude  N.  and  S.  on  the  great  circle  passing  through  two  given 
pifvces,  such  places  not  being  both  on  the  same  meridian 
or  on  the  equator.  Each  vertex  is  90*  from  the  points  where  the 
great  circle  crosses  the  equator. 

Virgo,  Constellation  of  (L.  "The  Virgin ").— The  sixth 
coustellation  of  the  ancient  zodiac,  lying  between  Leo  and  Libra.  It 
contains  a  very  brilliant  star,  a  Virtjinis  called  also  Spica,  which  may 
be  found  by  drawing  a  line  from  Dubhe  through  Cor  Cai-oli,  and 
producing  it  to  a  little  more  than  the  same  distance  ;  or  it  may  be 
recognized  as  forming  an  equilateral  triangle  with  Arcturue  and  p 
Lennis,  of  which  it  is  the  southern  angle.  Mag.  1.2  N.  A.  1896,  RA. 
13h  20«n  .  Deo.  - 10"  37'. 

Virgo,    Sign  of — The  sixth  sign  of  the  ecliptic,  including 

from   150*  to   IRO**  of  longitude.      Owing  to  the  precession  of  the 

-equinoxes,  the   constellation  Virgo  is  no  longer  in  the  eign  of  this 

name,  the  constellation  Leo  having  taken  its  place.     The  sun  is  in 

Virgo  from  about  August  2drd  to  about  September  23rd.    Symbol  of. 

Visible    Horizon.— (1)  The  circle  of  the  celestial  ooncavf 
which  divides  the  visible  from  the  invisible  portion  of  the  heaveni 
(2;  The  circle  of  the  terrestial  sphere  which  divides  the  visible  frw 
the  invisible  porticm  oI\\a  %>i!d%fiA. — See  Horison. 


Vulgar  Establishment  of  the  Fort,— The  eBUbluUmcub 
d[  the  port~i.r.  the  time  (if  liigh  walec  at  the  full  and  change  of  the 
moou  at  tha  given  port— lieterinineJ  roughly  by  ohaervsUou  Ou  the 
day  of  full  or  chuuge.  -See  uu.ler  Tide. 


\V. 


TV.— Of  the  letters  uacJ  t 
the  log -hook,  w  iiidici 
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Wake.— Tho  w&ke  of  a,  ahip  u  she  movM  through  the 
tr&DBieDC  impression  she  leave*  od  the  BurfuHi  caused  by  tlie  meetiog 
again  of  the  divliled  watora.  It  indicates  her  aetual  path  through 
the  wnter,  which  is  nut  always  in  the  same  line  with  tbst  of  her  keel. 
Tlie  angle  WtweuD  the  two  lineanieaaures  the  amount  of  leeway. 

Wave  (Suit.  ipu;/. )— Tha  oicillation  eauaed  ill  a,  iluid  by  a  motion 
perpendicular  to  its  surfiLce.  Tlie  alteriiiLto  rising  and  falling  cause* 
the  appenranco  of  a  treuafer  of  the  boily  of  the  fluid  in  the  direction  in 
which  the  wave  La  propa^ted,  Ihougli  no  siieh  traiiafer  actually  takoi 
place.  The  outioa  may  be  tlluatratevl  hy  tlie  fluttering  of  a  flag,  the 
abftking  of  a  sail,  or  the  appearance  of  a  field  of  standing  corn  when 
A  breeze  passca  over  it. 

Wave,  Height  of. — The  perpendicular  rise  of  the  re 
the  wave  or  "creat"  above  the  lowaal  part  of  its  deprBM 
"hollow." 

Wave,  Length  of —The  lioiizonlal  .liataiice  betwec 
adjacent  orosts,  or  two  adjiiceut  hollows. 

Wave,   Velocity  of.— The  mte  at  which  the  crest 
fnrwaril  i  it  is  llie  length  of  the  wave  divided  hy  the  interval  myi 
Jjlw  tmkua  to  piM  thronjtlt  the  Inmh. 
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Weather-fi^lass. — This  term  is  usually  applied  to  the  barom- 
eter, which  by  its  rising  and  falling  indicates  in  a  general  way  the 
impending  weather.     Rut  a  perfect  weather-glass  properly  consists  of 
— a  Barometer^  which  shows  changes  in  the  pressure  or  tension  of  the 
atmosphere ;  a  Thermometer^  which  shows  the  changes  in  the  temp- 
ature  ;    and  a  Hygrometer^  which  shows  changes  in  the  moisture  of 
the  air.     By  combining  these  several  particulars,  the  state  of  the  air  is 
known,  and  hence  is  inferred  the  character  of  coming  weather.     The 
following    are    the    fundamental    rules  for  the  indications  of  the 
weather-glass  in  any  latitude.      Rise  of  barometer  for  cold,  dry,  or 
less  wind  (except  wet  from  cooler  side) ;  fall  of  barometer  for  warm, 
wet,  or  more  wind  (except  wet  from  cooler  side).     Thus,  in  northern 
latitudes,  if  the  barometer  has  been  about  its  ordinary  height,  say 
nearly  thirty  inches  at  the  sea-level,  and  is  steady,  or  rising,  while 
the  thermometer  falls,  and  dampness  becomes  less,  north-westerly, 
northerly,  or  north-easterly  wind — or  less  wind — less  rain  or  snow— 
.nay  be  expected.     On  the  contrary,  if  a  fall  takes  place,  with  a  rising 
thermometer,  and  increased  dampness,  wind  and  rain  may  be  expected 
from  the  south-eastward,  southward  or  south-westward.    Exceptions. 
— When  a  northerly  wind  with  wet  (rain,  hail,  or  snow)  is  impending, 
the   barometer  often   rises  on  account  of  the  direction  of  the  coming 
wind  alone.      For  more  particular  rules,  with  their  exceptions,  the 
reader  is  referred  to  Rear- Admiral  Fitzroy's  "  Barometer  Manual, 
issued  by  the  Board  of  Trade. 


It 


Weather  Notation. — To  register  the  state  of  the  weather  the 
annexed  system  of  letters  was  devised  by  Sir  Francis  Beaufort,  and 
used  by  him  in  his  log  of  H.M.S.  Woolwich,  1805.  It  has  been 
adopted  in  the  Royal  Navy  by  Admiralty  older,   dated  December  28,, 

i838  ;— 
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b  denotes  Blue  Sky— whether  with  clear  or  hazy  atmoephere. 

0  ,,  Cloudy — I.e.  Detached  opening  clouds. 
d  ,»  Drizzling  Rain. 

f  „  Fog  ;  ?  Thick  Fog. 

g  „  Gloomy  Dark  Weather. 

h  „  HaU. 

1  „  Lightning. 

m  t,  Misty  or  Hazy — so  as  to  interrupt  the  view. 

O      ,»      Overcast — i.e.    The  whole  sky  covered  with  one  imper« 

vious  cloud. 
p      „      Passing  Showers. 

q     „      Squally. 

r      „      Rain — i.e.  Continuous  Rain. 

8      9,      Snow. 

t      „      Thunder. 

U     „      Ugly  threatening  appearance  of  the  Weather. 

V     „      Visibility  of  Distant  Objects — whether  the  sky  be  cloudy 

or  not. 
vr   „      Wet  Dew. 

„      Under  any  letter  denotes  an  Extraordinary  Degree.— 
Instead    of    this    mark,    some    meteorologists   are 
accustomed    to    repeat  a    letter   to   augument  its 
signification.    Thus,  ff,  very  foggy  ;  rr,  heavy  rain; 
rrr,  heavy  and  continued  rain. 
By  the  combination  of  these  letters  all  the  ordinary  phenomena  of 
weather  may  bo  recorded  with  certainty  and  brevity.      Examples — 
tx^xn,  Blue  sky,  with  detached  opening  clouds,  but  hazy  round  the 
horizon  ;   gY»  Gloomy  dark  weather,  but  distant  objects  remarhMy 
^visible ;  qpdlt,  very  hard  squalls,  and  showers  of  drizzle,  accom- 
panied by  lightning,  with  t^ery  heavy  thunder. -S«i^'WVQA.^'^^st5i>^^it. 
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West  Point  of  the  Horizon.— The  WMt  is  the  cardinal 
point  on  that  side  of  the  horizon  where  the  heavenly  bodies  set.  The 
Edit  and  Wui  Points  are  the  points  in  which  the  prime  verticil 
intersects  the  horizon,  the  equinoctial  also  passing  through  them, 
and  they  are  the  origins  from  which  amplitudes  are  reckoned.  They 
are  the  poles  of  the  celestial  meridian* 

Westing^. — ^The  distance,  expressed  in  nauUcal  miles,  a  ship 
makes  good  in  a  west  direction ;  it  is  her  departure  when  sailing 
westward.    Opposed  to  Jkating. 

Wind,  Aberration  and  Acceleration  of.— The  change 

In  the  apparent  direction  of  the  wind,  in  consequence  of  the  motion 
of  the  observer,  we  call  the  aberration  oj  the  wind.  The  change  in  the 
apparent  rate  of  the  wind,  in  consequence  of  the  motion  of  the 
observer,  we  call  the  acceleration  of  the  wind ;  it  is  negative,  and 
appears  as  retardation  when  the  directions  are  not  opposed. 

For   explanation   of   the   terms,  see   under  Aberration  and 

Acceleration. 

Example — A  north  wind  is  blowing  at  the  rate  of  10  knots  an 
hour  and  two  steamers  cross,  one  on  a  west  and  the  other  on  an  east 
course,  the  former  going  12  and  the  latter  8  knots  an  hour.  They 
would  apparently  experience,  respectively,  a  N.W|.W.  and  a  N.£|N. 
wind,  a  difference  of  8  points.  And  so  for  the  rates :  the  forma: 
would  experience  a  wind  blowing  16,  and  the  latter  a  wind  blowing 
13  knots. 

Every  seaman  is  familiar  with  these  phenomena,  and  practically 

takes  them  into  account  for  his  own  immediate  requirements  ;  but 

the  subject  has  not  been  fully  recognized  in  a  systematic  manner  for 

the  general  interests  of  nautical  meteorology.    Experience  teaches 

the  aeaman  to  ealVi&BA^  \^^  Vc>aA  ^\t^\hsraL%nd  real  force  of  the  wind 


l^theindiCBtioDs  of  Uis  tops  of  the  waves  or  of  the  lonMt  clondi, 
whiuh  he  tiiat  inn  lively  takes  into  aocouot ;  also  from  the  known 
behaviour  of  his  ship  under  given  conditiani. 

The  following  exact  method  of  deducing  the  tme  directioa  vxi 
force  of  the  wind,  front  its  apparent  direction  and  force,  combined 
with  the  course  and  speed  of  the  ship,  will  iie  of  interest  to  the 
aoientUao  keeper  of  a  roeteoro toxical  log.     Our  daU  are : 

The  compass  course  of  Che  ship  through  the  water,  NAC ; 
The  rate  of  the  ahip  AC  ( =r) ; 
The  apparent  oompaas  direction  of  the  wind,  as  indioatad  hj  »  | 
v»ue,  VAN ; 

The  apparent  velocity  of  the  wiud,   estimated  by  an  aoaraometer,  J 
TA(  =  p). 

We  have  to  find  ; 
The   true  direction    of   the 
wind  TAN;  and 
The   true  velocity  of  the  wind 
TA{  =  «). 

Complete  the  parallelogram 
ACVT;  then  knowing  theanglo 
NAC,  we  mny,  for  simplicity, 
refer  all  the  .Ihcctions  to  AC. 
In  the  triangle  TVA,  the  angle 
V  uid  tlie  two  sides  r  and  w  are 
known  ;  to  delermiue  W  and  w : 

(I.)      To    find    the    ahemUlon 
tme  dirttlioa  of  the  wind  TAN  ; 

TanJ{T-A)  =  - 


TAV  (=A),    and  thence  tlwl 


w 


wmB.  Toacs  or. 


J(T  +  A)  =  J(18(r  -V) 
Hence  A  =  i  (T+ A)  -  J  (T  -  A) 
And  True  Direction  » Apparent  Direction  -  Aberration. 
(11.)  To  find  the  true  velocity  of  the  wind  TA=(tr) 

■in  V        *^        sin  V 


10 


■in  A 


w 
or  —  = 

V 


Bin  X 


'I* 


The  ctceelfTtUion  {a)  ^  v-w. 
Wind,  Direction  of.— The  direction  of  the  wind  is  named 
after  the  point  of  the  oompaM  Jrom  which  it  blows. — See  under 

Direction. 

Wind,  Force  of.— To  register  the  force  of  the  wind  the 
annexed  system  of  figures  was  devised  by  Sir  Francis  Beaufort,  and 
nsedby  him  inhislogof  H.M.S.  Woolwich,  in  1805.  It  has  been 
adopted  in  all  her    Majesty's  ships   by  Admiralty    order,    dated 

December  28,  1838.— See  Weather  Notation. 

0  denotes  Calm. 
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Light  Air just  sufficient  to  give  Steerage  way. 

Light  Bre^,  ..  r^,^;^^  ^^^{.  j  1  to  2  knot. 

would  go  in  smooth  I 


knots. 


Moderate  Breeze     Z^^l^  £1^  -".vr^v- .  5  ^  g  knots. 

V  water,  trom. ' 


Fresh  Breeze 
Strong  Breeze  . 


Moderate  Gale 
Fresh  Gale     .. 

Strong  Gale   .. 


Whole  Gale 


in  which  the  same 
ship  could  just  carry 
close-hauled  


/Royals,  etc 

Single-reefs  and  top- 
gallant sails. 

I>ouble-reefs,jib,ete. 

Triple-reefs,  ooorses, 
etc 

Close-reefs      and 

'  courses. 

f withwhWh.h.oo«ld  f^^^^lf^  ^- 


WindB,  Trade.— Wiuds  wliii^li,  blowing  perpetually  in 
e  constant  iJiiection  (north -easterly  iu  tlie  uartherD.  and  at 
eriy  in  tlie  souUiern  liumigpljerB),  ate  subservient  in   n  peculiai 

to  the  purpusea  oF  tiuvigutiun  and  trade.  These  iniportnnl  ' 
a  of  the  QlnioBphere  arc  the  result  of  a  combiniitinn  of  twa 
.,  Uie  uucqual  cipoaure  of  the  earth'i  aiirfoce  to  the  aun't 
he  air  over  tlie  oi|uatoriiil  regioDs  to  be  unduly  heated 
and  rorifiud  ;  it  consequeutly  ascends,  white  the  cooler  aud  denser  air 
from  the  regions  more  polar  rushes  in  along  the  eu-th's  lurface  U> 
«DppIy  iu  place,  the  heated  air  being  carried  along  the  higher  strata. 
towards  the  poles.  Hence,  if  uiitnodified  by  any  otlicr  cause,  twa 
cunnter-curreiitfl  in  each  hemisphere  would  be  formed  in  the  direction 
«f  the  meridian.  But,  secondly,  the  eijuatoiiitl  portion  of  the  enrtli'l 
surface  has  the  greatest  velocity  oE  rotation,  and  all  other  parta  \tu.m 
'in  the  ratio  of  ,the  radii  of  the  parallels  of  latitude  to  which  thsj 
correapond.  A  portion  of  air,  therefore,  coming  from  the  polar 
equatorial  regions  revolves  more  slowly  Iban  the  parts  of  the  earth 
over  whicli  it  in  aui:cession  arrivea,  and  it  will  conaeqnently  li 
behind  and  drag  npon  the  surface  in  a  direction  coulrary  to  t 
earth's  rotation — i.f.  from  east  to  west.  Thus  the  currents  whiehj 
but  for  the  earth's  rotation,  would  be  simply  northerly  and  aoutherln 
winds,  Of^quire  from  this  cnuae  a  rtlalin  direction  towards  the 
.and  assume  the  character  of  permanent  north -easterly  and  a 
eaaterly  winds.  As  these  two  curreota  approach  the  ei)Uatur, 
easterly  tendency  ia  generally  dimiiiiithed  by  the  friction  of  theeortli 
*ud  when  they  meet  ^t  the  equator  their  northerly  and  southerljr 
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directions  mutually  destroy  each  other ;  hence  an  equatorial  belt  of 
comparative  calm  which  separates  the  belts  of  the  north-easterly  and 
south-easterly  trades.  The  trade- winds  are  modified  in  direction  and 
intensity  by  the  neighbourhood  of  continents,  and  vary  in  position 
with  the  seasons. 

Wind'WUrd  Sailing^. — When  a  ship  has  a  foul  wind  she  has  to 
work   to  windward,  making  her  destination  by  means  of  tacking. 
Windward  sailing  is  therefore  a  case  of  traverse  tailing ,  in  which  the 
charactei  istic  inquiry  is,  M'liat  is  the  most  advantageous  time  for 
tacking?    .Supposing  the  wind   to  remain  constant  in  direction,  the 
general  principle  is  to  endeavour  to  near  the  destination  from  instant 
to  instant.     In  order  to  do  this  the  destination  must  always  be  kept 
in  the  wind's  eye,  a  condition  which  would  necessitate  continued 
tacking.      This  being  practically  impossible,  the  question  resolves 
itself  into  determining  the  practical  limits  for  the  application  of  the 
tlieoretical  principle.      A  ship  nears  the  destination  fastest  on  that 
tack  on  which  she  looks  up  best  for  it ;  she  should  therefore  stand  on 
each  tack  as  long  as  this  continues  to  he  the  case,  and  then  go  about. 
I'he  destination  is  above  supposed  to  be  fixed,  as  in  the  case  of  a  port ; 
but  it  may  be  another  ship  in  motion,  as  in  chafing.     Chasing  is  a 
subject  belonging  to  sea  tactics,  and  was  of  great  importance  before 
tlie  introduction  cf  steam.     In  windward  sailing,  the  position  of  tbe 
great  circle  is  of  the  greatest  importance.     A  wind  which  appears  to 
be  directly  ahead  when  viewed  in  connection  with  the  rhumb,  may 
not  be  so  with  reference  to  the  great  circle  ;  and  as  the  great  circle  is 
the  shortest  path  of  the  ship  to  her  destination,  that  tack  will  be 
chosen  that  lies  nearest  to  it,  and  persisted  in  as  long  as,  judged  by 
the  same  standard,  it  continues  to  be  the  most  favourable.     In  short, 
in  windward  sailing  tacking  ought  to  have  reference  to  the  great 
Circle,  and  not  to  l\ie  tViviltivV^.— ^«a  Sailingrs^ 


Winter    Solstice.— Ralalively   to  the  northern  heiniiplier%.l 

the  winter  Bolatice  U  the  period  of  the  year  when  the  sun  ftttkina  hi>l 

greatut>outhera<Ieclin&tioQ— abouLDeceinber2lit.— SeeSolBticeB>| 

Y. 

Tear.— Genernlly— The  period  in  which  the  earth  make*  a 
rovoliitioQ  in  her  orbit  round  the  «un,  m  indicated  hy  the  oorrespond- 
tng  ippArent  revolution  of  the  sun  in  the  ecliptic.  But  more 
partioilUrly— Some  point  must  he  Uken  to  mark  its  oommencement 
Mid  period,  which  we  call  the  "  point  oE  definition,"  and  the  cbojoo 
(as  this  point  may  be  fixed  or  have  ■  proper  motion  of  its  own)  give* 
rise  to  a  distinction  of  seveiKl  kinds  of  years  wliich  differ  from  each 
other  slightly  in  length.  (I)  If  s/rcif  iMr  be  takenas  the  point  of 
definition,  wo  have  Iht  SiJirrtii  Feor,  (2)  If  the/ntf  poinf  o/.^riet 
(which  lias  a  alow  retrograde  proper  motion  of  about  50-22''  annually) 
be  lAkan  as  the  point  of  definition,  vre  have  the  Solar,  Ei/tiinocHal  or 
Tropifal  i'car.  {3)  There  is  also  what  i«  called  the  ..InonwifjjCK  Year, 
which  is  the  periml  between  two  successive  returns  of  the  earth  U> 
the  perihelion  of  her  orbit,  a  point  wlijch  has  a  direct  proper  motinol 
of  11'23"  annnally.  The  anomaly  ((.Ik.  d*.  "not."  inaXit,  ' 
"  irregularity  ")  of  a  planet  is  its  angular  distance  from  the  perihelion 
of  its  elliptic  orbit  as  seen  from  the  sun.  and  it  is  so  nameil  becauli 
the  angular  motion  about  the  sun  in  the  focus  is  not  unf/oi'i 
relative  lengths  of  tlie  three  years  will  be — 

Sidereal  :        Tropical         :  Anomalistic 

=  300°      ;     3B0"  -  50  "22"     :  360=  +  1 1  -26" 

The  tropical   year  having  been  found,  we  have  the  following  valu< 


.Sidereal  year  =  3GG'236371  days 

Tropical  year  =  365*2-1221fi  days 

Anomalistic  year    =  3Q5'2SQ54(  days 


:  SBMSl'    9m  11* 
-  3fl5d  6h  13~43»    . 
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Tear,  Sidereal  (L.  •u/tw,  *'  a  star  ")— The  period  in  ^^ich  the 
earth  makes  a  revolution  in  her  orbit  with  reference  to  the  fixed  stars. 
•Substituting  the  sun's  apparent  motion  in  the  ecliptic,  the  sidereal 
year  is  the  interval  between  his  leaving  a  fixed  point  in  Uie  celestial 
•concave,  such  as  a  fixed  star,  and  returning  to  that  point  again.  The 
sidereal  year  consists  of  365<1  6^  9<n  lis  ,  reckoned  in  mean  solar  time, 
and  of  36GA  6^  9in  ]  Is  ,  reckoned  in  sidereal  time.  The  reason  of 
this  difference  is  that  the  sun's  apparent  annual  motion  among  the 
«tars  is  in  a  direction  contrary  to  the  apparent  diurnal  motion  of 
'both  sun  and  stars.  The  effect  is  the  same  as  if  the  sun  lagged 
behind  the  stars  in  his  daily  course,  and  when  this  has  gone  on  for  a 
whole  year,  he  will  have  fallen  behind  them  by  a  whole  circumference 
'of  the  heavens — i.e.  in  a  year  the  sun  will  have  made  fewer  diurnal 
revolutions  by  one  than  the  stars.  The  same  interval  of  time, 
therefore,  that  is  measured  by  300^  6^  ,  etc  ,  of  sidereal  time  will  be 
measured  by  365<l  6h  ,  etc. ,  of  mean  solar  time. 

Tear,  Solar,  Tropical,  or  Bquinoctial.— The  inter\'al  in 

which  the  sun  in  his  apparent  motion  makes  a  complete  revolution 

•of  the  ecliptic,  thus  describing  360*  of  longitude.     The  first  point  of 

Aries  being  the  origin,  the  solar  year  is  defined  to  be  the  period 

between  the  sun  leaving  the  first  point  of  Aries  and  returning  to  it 

-again.     This  year  is  the  period  of  the  revolution  of  the  seasons,  which 

are    determined    by    the  apparent  passage  of  the  sun  across  the 

equinoctial,   and  his  alternate  slay  in   the  northern  and  southern 

hemispheres,  where  the  turning-points  in  his  course  are  the  tropics. 

'The  period  is  thus  called  the   Tropical  Year  with  reference  to  the 

solstices  when  the  sun  describes  his  diurnal  circle  of  the  tropics;  it  ii 

•also  called  the  Eqttinoctial  Year  with  reference  to  the  eq[uiMOxe»  when 

the  sun  crosses  the  line ;   it  is  likewise  called  the  Soiar  Year  with 

referenoe  to  the  SWfC%  k^\i^x^vX  motion  in  the  ecliptic    In  the  nderetU 
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and  the  sun  Rppeors  to  do  »o,  but  not  «a  in  the  tropical  year.     Th«    ^^H 
yenml  equinoctial  point,   owi»K  to  the  conical  motion  of  the  earth't    ^^H 

the  year  1S97  in  60-2632-.  &nd  Ihia  aro  Iho  lun  dascribea  in  23-S>  .    ^H 
By  M  much  iliorter  then  is  this  Bolar  year  than  the  sidereal  period.     ^^H 

directly  on  the  annual  revolution  of  the  eurth  round  the  sun,  bub 
■ubordinately  also,  and  indirectly,  on  ft«  rotation  on  ita  own  aiii, 
which  occasions  the  precession  of  the  equinoies,     The  tropical  year*       ^^ 
vsry  in  length  owing  to  the  motion  of  the  Grat  point  of  Aries  not      ^H 
being    uniform,    and   the  sun's  apparent  motion  being  subject  to     ^^| 
irregulaTities.                                                                                                    ^M 
Year,   Mean  Solar,  or  Mean  Tropical. —The  solar  or  ^H 
tropical  yenr  liaa   been  detiiitHl  as  the  interval  which  elapses  between    ^^^| 
the  sun,  in  hia  apparent  motion  in  the  ecliptic,  leaving  the  first  point   ^^H 
«f  Aries  and  returning  to  it  again.     But  the  motion  of  the  fint  point 
«f  Aries  is  not  uniform,  and  the   sun's  motion  iu  the  eclii<tic  is  Cram 
year   to  year  subject  to   irregularities ;   hence  aoUr  year*  vary  iu 
Length.      An   average  of  a  lung  EUCcesaioD  of  solar  years  gives  an     ^^_ 

TstiouB  it  was   found   that  the   sun   had  de«:ril»d  SBOOC  45' 15' of  ^^| 

longitude  in  30245  days  mean  time,     Taking  our  average  from  this  ^^^ 

[     lapse  of   time,    the   length   of  the  mean  solar  yesr^                        ^^^M 

'     TheUteatvAlueot)Uinedisabout3e5<l5h4S<"  48t-                                 ^^H 

Tear,  CiVlL— The  year  used   for  practical  purpoiea   abouId^^^H 

ooniUt  of  an  integral  numberof  days,  which  the  mean  aobr  year  doe^  ^^| 
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not.      As  an   equivalent  to  a  series  of  actual  mean  solar  yean,  a 

succession  of  civil  years,  some  consisting  of  3^  and  others  of  366 

days  each,  has  been  esta1)lished  by  the  regulations  of  the  calendar : 

the  former  are  called  Common  Years,  the  latter  Bissextile  or  Leap 

Years.^See  Calendar. 

Z. 

Z. — The  letter  Z  is  sometimes  used  in  log-books  to  denote  Aoze. 

Zenitll  (Arabic). — The  superior  pole  of  the  celestial  horizon.  It 
is  the  point  of  the  heavens  vertically  over  a  spectator's  head— i.e.  the 
point    in  which  the  norma!  to  b^ 

the  earth's  surface  at  the 
station  of  the  spectator,  pro- 
duced into  space,  meets  the 
celestial  concave.  If  the  earth 
be  considered  a  sphere,  the 
normal  will  always  pass  through 
its  centre,  but  on  the  spheroid 
this  is  not  the  case.  When,,  therefore,  we  take  into  account  that  the 
earth  is  in  reality  an  oblate  spheroid,  we  must  distinguish  between 
the  true  and  the  reduced  zenith.  The  True  Zenith  is  the  point  in 
which  the  normal  to  the  earth's  surface  at  the  station  of  the  spectator, 
produced  into  space,  meets  the  celestial  concave  ;  the  Reduced 
Zenith  is  the  point  in  which  the  line  joining  the  earth's  centre  and 
the  station  of  the  spectator,  produced  into  space,  meets  the  celesUal 
concave.  Thus  let  O  be  the  station  of  the  observer  on  the  earth's 
surface,  HR  his  horizon ;  OG  the  normal  at  O,  uid  OC  the  semi- 
diameter  passing  through  O,  meeting  the  plane  of  the  equator  £Q 
respectively  in  G  and  C  ;  let  GO  produced  meet  the  celestial  concave 
in  Z,  and  CO  produced  meet  it  in  Z\  Then  Z  is  this  true,  and  Z'  the 
reduced  zenith  oi  tVie  %VAX\oTiQ«    Tg^k^  oAincide  at  the  poles,  and  on 
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the  gqufttor.      The  point  diametrically  □ppoaita  to  the  zenith  ii  tba    ^^| 
nadir,  which  ia  the  inferior  pole  of  the  horizon.  -See  Zenith  and    ^^| 
Kadir.                                                                                                            ^H 
Zenith    and    Nadir    (Arabic). -The    poles    of  the  celeali»l 

homoQ.     The   Zenilh  is  the  aiiperior  pole,  orthepoiutottheheftvem 
irerliwilly  over  n  spectfttor'a  head  ;  the  2fndir  ie  the  inferior  pole,  or 

Zenith  Distance.— The  angular  .iiatiinoe  of  a  point  in  tha      ^M 

altitude  nhove  the  horizon.                                                                               ^H 

Zenith  Farallela.— A  name  proyiowd  for  the  circle!  of  th«   ^H 

eolesliul  sphere  forretpondiEg   to   the  /.urallelt  of  pogitim  on  Uie    ^H 

UrreBtial  .pl.tre.-See  PoBition,  Parallels  of.                               ^ 

Zenith    Sector.— A    share   instrumint  for    meuuring   vith 
great  accuracy   the  zanith  dislonee  of  the  etnra    which   pwu.  the 
meridiiin  near  the  zenith.     Bradley  eonstrocted  one  wheii  diacovering 
the  aberration   of  light  and  the  nutation  of  the  earth'*  axis.    The 

tlie  difference  of  laliludo  of  two  alationa. 

1        to  the  no-hktitudu  uti  the  terrcBtrial  uphcre. 

1             Zero  (It.).~The  term  generally  used  to  indicate  the  point  of  ft 
1       acale  from  which  the  gradaatione  commence.     Thus,— the  lero  on 
1       the  limb  of  a  sextant  ia  where  the  indai  ahould  point  when  the  index- 
1      mirror  and  horizon-mirror  are  parallel  ;   the  zero  on  the  acale  of  a 
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produced  from  a  mixture  of  salt  and  snow.  The  readings  of  a  scale 
are  reckoned  plus  in  one  direction  from  the  zero  point,  and  minus  in 
the  contrary  direction. 

Zodiac  (Ok.  6  ^tadioKbt,  from  ^iifSiow,  the  diminutive  of  ^Qop,  "sn 
animal"). — That  region  of  the  heavens  within  which  the  apparent 
motions  of  the  sun,  moon,  and  all  the  most  conspicuous  of  the  planets 
— those  known  to  the  ancients — are  confined.  By  continued  obser- 
vation we  may  map  down  the  apparents  paths  of  these  several  bodies, 
just  as  the  course  of  a  ship  is  marked  out  by  pricking  off  its  place 
from  day  to  day.  It  was  thus  found  that  the  apparent  path  of  the 
sun  is  a  great  circle  inclined  to  the  equinoctial  at  an  angle  of  about  23" 
27\  to  which  the  name  "ecliptic"  was  given.  Again,  the  apparent 
paths  of  the  moon  and  of  all  the  known  planets  were  found  to  be  spiral 
curves  of  more  or  less  complexity,  and  described  with  very  unequal 
velocities  in  their  different  parts.  These  bodies  were  observed, 
however,  to  have  this  in  common,  that  the  general  direction  of  their 
motions  is  the  same  with  that  of  the  sun — viz.  from  west  to  eaet, 
contrary  to  that  iu  which  both  they  and  the  stars  appear  to  be 
carried  by  the  diurnal  motion  of  the  heavens,  and  moreover,  that 
they  cross  and  recross  the  ecliptic  at  regular  and  equal  intervals  of 
time,  never  deviating  from  the  ecliptic  on  either  side  more  than  8*  or 
9°.  It  is  this  zone  of  about  17*  broad,  having  the  ecliptic  running 
along  its  middle,  which  was  named  the  zodiac.  Before  the  discovery 
of  the  asteroids,  the  zodiac  restricted  to  the  above  limits  formed  the 
zone  of  the  moving  bodies  of  the  heavens.  But  the  orbits  of  many  of 
the  anteroids  have  a  very  considerable  inclination  to  the  ecliptic — 
Pallas  nearly  35" — so  that  the  significance  of  the  zone  of  the  zodiac 
ia  noWf  except  in  the  most  general  sense,  all  but  obsolete.  The  term 
zodiac  ia  derived  from  t»\i^  l'^^^*  ^^^  ^^  ^issvAXfcVl^Alons  of  this  zone 


were  anciently  figured  as  "aninnUs."  Its  circuit  was  divided  intO' 
twelvB  (H[aa1  parts,  the  "  sign  "  or  aymlml  of  each  being  taken  fromt 
the  conBtellatioii  with  whiohittheii  coincided.  They  are  aa  foUoire  > 


T  Ariea,  the  Ram, 

8  Taura*,  the  Bull. 

n  Qtmiiii,  the  Twins. 

A  Libra,  the  Balance. 

*l  StoTpio,  the  Scorpion 

I  SagMariai,  the  Arolii 

Ttww  consul latioDi,   hows' 


CaiiCfr,  the  CraU 
ito,  tlie  Lion, 
V'lryo,  the  Virgin. 

ys     Capn'cortuii,  the  Ooat. 
;s'     A  '/unrivit,  the  Water-bearerJ 
K     Puces,  the  Fiahea, 
0   not  cover  the  same  parts  of  th«  I 
•oliptic  that  they  formerly  did  in  canieijuence  of  the  retrograde  motion  ■ 
tloog  tlie  ecliptic,   of  the  lirst  point  of  Ariea,  or  vernal  equinoctial 
point,  [rem  which  its  divisions  are  reckoned.      Hence  the  necesiity  of 
dUtinguiahing  between  'iyiii  of  tlie  ecliptic  or  zodiac  and  the  eonilel- 
iatiotu  of  the  zodiac,  the  former  being  purely  technical  subdiviHiaaa 
of  the  ecliptic,  of  30*  eacli,  commencing  from  the  first  point  of  Ariea. 
—See  Chart  illnatrating  Lunar- Distance  Bodies. 

Zone  (Gk,   iii>ri,   "b  belt"),— A  kuio  of  a  sphere  ia  the portioB 
of  its  aniface  included  between  two  parallel  circles. 

Zones  of  the  Earth.— In  consequence  of  the  obliquity  of  liafi 
•oliptic,  the  surface  of  the  earth  is  natarally  divided  into  five  » 
balta  by  the  parallels  of  latitude  called  the  Tropic  of  Cancer  *r  (nboan 
S3*  27'  N.)  the  Tropic  of  Capricorn  *V  [obout  23"  27'  S.),  Ihe  Awlh 
Circle  p:  (kbout  6U°3.TN.)and  the  AntArclic  Circle  t^V  (about  66' 39 
8.^  ^Vlleu  the  snn  is  iu  either  aulstioe,  he  will  be  in  the  zenith  ol 
aomB  place  situatcil  in  one  of  the  tropics.  Thus  are  these  parallelK 
tad  they  are,  Uiorefore,  the  paraUslu  of  latitude  ol  about  2! 
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27'  N.  and  S.  ;  they  bound  a  zona  of  about  40**  M'  in  breadth.    Twice 
every  year  the  sun  is  at  noon  close  to, 
if   not  actually  in  the  zenith  of  every 
place  in  this  zone ;  it  is  consequently    \j^ 


the  region  of  the  greatest  heat,  and  is 
hence  called  the  Torrid  Zone,  Again, 
when  the   sun  is  in  either  solstice  it 
enlightens  the  pole  on  that  side  of  theequator^andshines  beyond  iithrough 
an  arc  Pe,  equal  to  the  obliquity  of  the  ecliptic  (about  23*  27') ;  at  the 
same  time  the  opposite  pole  and  the  like  extent  of  surface  are 
enveloped  in  darkness.     Within  these  zones  (Fpc,  Vp'tf)  during  one  { 
portion  of  the  year  (longer  or  shorter  according  to  the  distance  from 
the  pole)  the  sun  does  not  dip  below  the  horizon,  and  4uring  another ! 
portion  of  equal  duration  never  rises  above  it  in  his  diurnal  revolution.  < 
As  the  sun's  rays  strike  the  earth's  surface  very  obliquely  in  the  polar  \ 
zones,  their  temperature  is  very  low,  and  they  are  hence  called  the  ] 
Frigid  Zones,  North  and  South,    Between  the  torrid  zone  and  the 
frigid  zones  are  two  other  zones,  over  no  part  of  which  the  sun  is  ever 
vertical,  but  where  he  is  seen  to  rise  and  set  every  day  throughout 
the  year ;  the  temperature  of  these  two  belts  is  consequently  inter-  • 
mediate  between  that  of  the  torrid  and  frigid  zones,  and  from  this 
circumstance  they  are  named  the  TempercUe  Zones,  North  and  South  i 
(rp,   r'p' ),      We  must  bear  in  mind,  however,  that  owing  to  the 
different  distribution  of  land  and  sea  in  th^  two  hemispheres,  zones  of 
climate  are  not  co-terminal  with  zones  of  IcUUude,  and  the  above  ' 
nomenclature    is  only  to  be  accepted  in  a  general  sense.  -  See  the 

figure  under  Seasons.  ,      y       .  ^ 
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